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AGE AND GROWTH OF MONTANA GRAYLING! 
C. J. D. Brown 


Institute for Fisheries Research, Ann Arbor, Michigan 


A growth-rate study of the Montana 
grayling (Thymallus signifer montanus) 
was initiated in the summer of 1936 and 
continued through the following spring 
while the writer was associated with the 
Zoology Department of Montana State 
College. This was part of a general 
study aimed at the conservation of the 
species. Reports on the feeding and 
breeding habits have already been pub- 
lished (Brown 1938a, 1938b). 

The data collected in Montana and 
in Yellowstone National Park have been 
supplemented substantially by studies 
of Montana grayling of known age 
planted in Michigan during the past 5 
years. 


MATERIALS AND METHODS 


The present study was based on 460 
grayling taken as follows: 


? Contribution from the Institute for Fish- 
eries Research, Michigan Department of 
Conservation. The expense of making collec- 
tions was defrayed largely from a grant by 
the National Research Council. M. H. 
Spaulding of Montana State College, and 
Elmer G. Phillips, Superintendent of Fish- 
eries, Montana State Fish and Game Com- 
mission, assisted in making the Montana 
collections; A. S. Hazzard made continuation 
of the study possible in Michigan; L. E. 
Perry and F. E. Locke assisted in aging the 
fish and tabulating growth data; and Ralph 
Hile helped in interpreting the data. 


3 


Micui@an (315) 


Wolf Lake State Fish Hatchery, 
Van Buren Co. 


Ford Lake, Otsego Co. 259 
O’Brien Lake, Alcona Co. 21 
East Fish Lake, Montmorency Co. 2 
Suttons Pond, Montmorency Co. 2 
Montana (114) 
Ennis Hatchery, Madison Co. 6 
Rogers Lake, Flathead Co. 44 
Meadow Lake, Madison Co. 39 
Agnes Lake, Beaverhead Co. 10 


Georgetown Lake, Deer Lodge Co. 15 


Wyromine (31) 


Grebe Lake, Yellowstone National 
Park 31 


The fish were collected by nets and 
angling at all seasons, but mostly dur- 
ing the spring and autumn. Specimens 
were weighed and measured while fresh; 
those from Montana mostly to the near- 
est } inch of standard and total length, 
and the nearest ounce in weight, and 
the Michigan specimens to the nearest 
millimeter of standard and total length, 
and to nearest gram in weight. Scales 
were collected from the left side of the 
body between the lateral line and dorsal 
fin. Ordinarily five typical scales from 
each were cleaned, mounted in glycer- 
ine-gelatin, examined, and measured by 
microprojection at a magnification of 
44.3. The average measurements of all 
in each sample were used in later com- 
putations. 

Annuli were determined by the pres- 
ence of incomplete circuli formed at the 
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close of each growing season followed 
by the formation of complete circuli at 
the beginning of the next growing sea- 
son and by other characteristic marks 
such as erosion, crossover, etc., familiar 
to all workers on the subject. On the 
scales of many fish there was erosion 
during the arrested period, so that some 
circuli of the preceding growing season 
were obliterated. This erosion, however, 
was superficial rather than peripheral 
and did not affect the accuracy of 
growth calculations. 

These criteria for determining annuli 
were verified by the study of fish of 
known age. Accessory year marks or 
“false annuli” were common in some 
collections. In the fish of known age 
these checks were identified by study- 
ing collections made throughout the 
growing period. 

The anterior scale radius was chosen 
for all calculations of body length, be- 
cause the annuli could be distinguished 
there more easily than in other portions 
of the scales. It was not possible to lo- 
cate annuli on the posterior portion of 
some scales. 

The relationship between the stand- 
ard length of the fish and the anterior 
radius of the scales was treated as lin- 
ear. A line fitted to the data on fish of 
known age satisfied this assumption 
reasonably well. Similarly, the relation- 
ship between body length and the total 
diameter of the scale was found to be 
linear. Svetovidov (1936), in a study of 
the grayling of Lake Baikal, reported 
that the relationship of annual incre- 
ments in length of body and of scales 
are not strongly proportional, but par- 
abolic (L=cS"). 

The relationship between the an- 
terior scale radius and standard length 


of Montana grayling may be expressed 
by the equation L=51.5+2.088S, where 
L=standard length of fish and S=ap- 
terior radius of the magnified scale, both 
in millimeters. Scale measurements 
were marked on paper strips. As the 
first step in the computation of the 
growth history, “uncorrected” calcu- 
lated lengths were determined (with a 
nomograph) on the assumption that the 
body-scale ratio is constant at all 
lengths of fish after the formation of the 
first annulus. The averages of these di- 
rect-proportion calculated lengths then 
were corrected by the following for- 
mula: 
L,-—51.5 
Le =———L +515, 


where L,=standard length at end of 
nth year, L,=standard length at time 
of capture, and L.=length computed 
by direct proportion at the end of nth 
year. This method is a modification of 
the one proposed by Fraser (1916). 


ScaLE FoRMATION 


Young fingerlings from Grebe and 
Rogers lakes were examined to deter- 
mine when scales are formed; the small- 
est with scales had a total length of 
35.5 mm. (Table 1). A greatly enlarged 
scale with 2 circuli is shown in Figure 1 
(Plate 18); the inset at the right of that 
figure is the same scale magnified to the 
same degree as those in Figures 2 to 
14. Scales first appeared in the region 
along the lateral line, as already ob- 
served for certain other fishes. In 
slightly older specimens the lateral-line 
scales and those immediately above and 
below had more circuli than those near 
the dorsal and ventral regions. 
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TasLeE 1.—LENGTHS OF GRAYLING FROM 
GrEBE AND RoGeEers LAKES DurRING SCALE 
FoRMATION AND Earty GRowrTH. 


Standard Total 
length length N —_—— of 

millimeters millimeters . ’ 
20.0 23.0 no scales 
20.0 23.5 no scales 
20.5 24.0 no scales 
20.5 24.9 no scales 
25.0 29.0 no scales 
26.5 32.0 no scales 
29.0 35.5 1? 
30.5 37.0 2-3 
31.0 37.0 2-3 
32.0 39.0 1-2 
32.5 39.5 2-3 
33.5 40.0 2 
33.5 40.5 2 
34.0 41.0 2-3 
34.0 41.0 3-4 
35.0 41.5 2-3 
36.0 42.5 2-3 
37.5 44.0 3-4 
37.5 45.0 3-4 


ANNULUS FORMATION 


Annulus formation is related to, if not 
directly the result of, temperature and 
food conditions, but present knowledge 
does not permit the assumption that 
these are the only influencing factors. 
Any unfavorable circumstance in the 
regular growing period could result in 
cessation of growth and leave its mark 
on the scales; the location and intensity 
of such marks depend upon the dura- 
tion and extent of the influencing fac- 
tors. Individual fish might be variously 
affected. Some extreme or unusual con- 
dition of food or temperature similar to 
that producing the true annulus might 
exist during the regular growing season 
and affect the whole fish population in a 
lake or stream so that the scales of all 
would be marked. Probably, however, 
only part of the population would be af- 
fected—perhaps one species or a small 
percentage of it, depending upon the 
nature and extent of the factor in- 
volved. Unusually warm temperature in 
4 lake containing both cold- and warm- 


water species might produce a summer 
mark on scales of the cold-water fish 
without affecting the normal growth of 
the others; conversely, unseasonably 
low temperature might affect the warm- 
water species alone. 

If the true annulus results from ar- 
rested or retarded growth, then the 
maintenance of uniformly favorable 
conditions for growth in any species 
would eliminate these scale characters. 
Hazzard (1932) found no annuli on cer- 
tain brook trout scales and attributed 
this condition to the rather uniform 
temperature under which the fish lived. 
Other workers have reported similar 
findings for other species. 

Grayling kept under more or less uni- 
form temperature and food conditions 
by Mr. Charles Fuqua at the Ennis Sta- 
tion of the U. S. Fish and Wildlife 
Service lacked scale annuli. The fish 
were hatched artificially and held in a 
spring-fed pond of practically constant 
temperature. Supplemental feeding 
was moderate and regular. Scale sam- 
ples from six 2-year-old fish showed no 
recognizable annuli (Fig. 2). 

Checks or false annuli were not un- 
common on scales of the grayling stud- 
ied. These accessory year marks were 
identified positively on fish of known 
age and with considerable confidence on 
some wild specimens from Montana 
waters. 

One false annulus was found on the 
scales of all the grayling of known age 
from Ford Lake, Michigan. This check 
was formed in the second summer of 
life, possibly in late August or early 
September. It had all of the character- 
istics of a true annulus (Figs. 9-14) and 
might well have been interpreted as 
such in fish other than of known age. 
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No other outstanding irregularities were 
observed except on malformed scales of 
a few individuals. 

We can only conjecture as to the 
cause of the false annulus appearing in 
the second summer (August or Sep- 
tember, 1937) since no limnological 
studies were made then on Ford Lake. 
The data on air temperatures at the 
Pigeon River Forest headquarters, 
about a mile away, indicate that the 
month, August 15 to September 15, was 
unusually warm. The air temperature 
and very probably water temperatures 
were considerably higher than for the 
same time in any other year while gray- 
ling were present in the lake. Since Ford 
Lake has thermal stratification with the 
usual accompanying deficiency of oxy- 
gen in late summer, the grayling prob- 
ably were forced into warm water 
which, although not fatal, caused a ces- 
sation of feeding and growth with for- 
mation of a false annulus. 

Water temperatures unsuitably warm 
for cold-water fish exist in late summer 
both in Rogers and Meadow lakes, 
Montana, and a large majority of the 
grayling collected showed marks inter- 
preted as false annuli (Figs. 15 and 16, 
angular lead line). Except possibly for 
the first year, our Rogers Lake material 
showed rather regular formation of a 
check mark each summer. No evidence 
of false annuli was found in fish from 
lakes at high elevations such as Grebe, 
Agnes, and Georgetown, which remain 
cold. 

Environmental factors determine 
largely the characteristics of scale mark- 
ings, as shown on the scales of grayling 
in Michigan from East Fish Lake and 
Suttons Pond, Montmorency County, 
and O’Brien Lake, Alcona County. 
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These waters were stocked in April, | 
1940, from a batch of fish retained in the | 
hachery over their first winter. The | 
grayling reaching East Fish Lake did go 
accidentally, by migrating up the outlet 
into the lake. Collections from thege 
lakes were made in 1941 as follows: East 
Fish Lake, August 26; Suttons Pond, | 
September 12; and O’Brien Lake, Oc. 
tober 23. In each the fish had completed 
most of two growing seasons. The size 
difference of the fish and consequently ~ 
of the scales was considerable; growth 7 
was greatest in East Fish Lake 
(Fig. 5), intermediate in O’Brien Lake = 
(Fig. 4), and least in Suttons Pond 
(Fig. 6). No consistent irregularities 
were found on the scales of grayling | 
from Suttons Pond or O’Brien Lake, 
but both specimens taken from East 
Fish Lake showed a distinct false an- 
nulus formed sometime during the sec- 
ond summer. 

In a study of the European grayling, ; 
Hutton (1923) claimed to have found 
“spawning marks” on some grayling 
scales but was somewhat skeptical of 
his interpretation. It is not likely that 
such marks could be distinguished, even 
if present, since the spawning period 
and time of annulus formation are prat- 
tically concurrent. 

The true annulus forms on grayling 
scales in early spring. Ford Lake fish 
of known age showed no trace of & 
newly formed annulus in the February 
or March collections. By April 21, how-" 
ever, at least one circulus of new growth 
was present on the scales of two fish. 7 
The annulus was completed on all but™ 
one or two collected during the first 
half of May, up to three circuli beyond 
the annulus then being present. The? 
number of circuli beyond the annulus? 
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Seales of Grayling (1, II, ete., annuli). 7. Soon after formation with two circuli (6-week 
fish from Rogers Lake, total length, 39 mm.). At right; same scale of size comparable to 
Figs. 2 to 14. 2. No annuli (2-year fish, Ennis Hatchery ponds). 3. Five annuli (fish from 
Grebe Lake, standard length, 308 mm.; total length, 359 mm.; weight, 312 grams). 4. From 
28-month fish (O’Brien Lake; s.1., 224 mm.; t.]., 262 mm.; wt., 118 grams). 5. From 26-month 
fish of known age (East Fish Lake; s.]., 203 mm.; t.l., 245 mm.; wt., 102 grams). F =false 
annulus. 6. From 27-month fish of known age (Suttons Pond; s.I., 158 mm.; t.l., 193 mm.; 
wt., 40 grams). 
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157 mm.; t.l., 183 mm.; wt., 54 grams). 10. From 22-month 


16-month fish (Ford Lake; s.1., 


fish (Ford Lake; s.l., 


Lake; s.l., 


199 mm.; wt., 58 grams). //. From 24-month fish (Ford 


172 mm.; t.L., 


218 mm.; t.l., 


250 mm.; t.l., 


262 mm.). 12. From 28-month fish (Ford Lake; s.1., 


290 mm.; wt., 179 grams). 








153 
‘rom 
onth 
Ford 
tL. 








JouRNAL OF WILDLIFE MANAGEMENT, VOL. 7, No. 4, OcTroBER 1943 PLarrE 20 


























Net FY 


Wy 
“att 





Scales travli . . . 
t.] 334 dv mene Sy known age. 13. From 36-month fish (Ford Lake; s.]., 280 mm.; 
hey OOS o> WU., grams). 12 Fr m _ SR : - ig ” “9 
mm.; wt., 312 grams). 4. From 47-month fish (Ford Lake; s.1., 286 mm.; t.]., 343 


a 





weil AE 





— 





JOURNAL OF WILDLIFE MANAGEMENT, VOL. 7, No. 4, OcTOBER 1943 Pare 2] 


Scales of Grayling (figures are reduced to 3 of proportion for pls. 18-20). 15, Four annuli 
(Rogers Lake; s.1., 326 mm.; t.l., 375 mm.; wt., 465 grams). False annuli indicated by inner 
angular lead lines. 16. Four annuli (Meadow Lake; s.1., 330 mm.; t.l., 381 mm.; wt., 454 
grams). 17. Four annuli (Agnes Lake; s.1., 326 mm.; t.l., 371 mm.; wt., 341 grams). 18. Four 
annuli (Grebe Lake; s.1., 305 mm.; t.l., 346 mm.; wt., 285 grams). 79. Four annuli (George 
town Lake; s.1., 349 mm.; t.l., 384 mm.; wt., 765 grams). 
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averaged about 10 by July 1. Our col- 
lections indicate that the annulus is 
generally formed between April 15 and 
May 15 in the grayling of Ford and 
O’Brien lakes. 

In the western specimens variations 
probably result from temperature dif- 
ferences; the time of annulus formation 
was approximately as follows: 


Meadow Lake April 20-May 20 
Rogers Lake May 20-June 20 
Grebe Lake May 30-June 30 
Agnes Lake June 1-July 1 
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development. Restricted experimental 
plantings have been made in Michigan 
waters with fingerlings and yearlings 
thus handled. 

The most extensive data on growth 
in Michigan waters were obtained from 
Ford Lake, Otsego County, where 
about 5,000 grayling were introduced 
on October 22, 1937, after all other 
fish had been removed by poison. These 
graylings were hatched on June 24 and 
were 23 to 3 inches in total length when 


TABLE 2.—Forp LAKE GRAYLING 
(hatched 6/24/36; planted 10/22/36) 











Num- 
ber of 
speci- 
mens 


a Weight 
(months) 


Date of 


collection (grams) 


Standard 
length 
(milli- 

meters) 4 


Calculated standard 
length in millimeters 
at end of year of life 


Total 
length 
(inches) 








5/18/37 
10/18-20/37 
2/27/38 
4/21/38 
5/ 8/38 
7/ 6/38 
10/29-30/38 
3/ 1- 3/39 
5/10/39 
5/24/39 
6/24/39 
5/19/40 


164 
196 


86 


Ct et DAA HOT 


284 





Averages 





GROWTH IN GRAYLING OF 
Known AGE 

All of the Montana grayling intro- 
duced into Michigan during the past 
five -years were of Yellowstone stock. 
The eggs were taken from spawning fish 
in the small inlet to Grebe Lake be- 
tween May 15 and June 20 (Brown, 
1938b), depending on the season, and 
held for conditioning at the small hatch- 
ery there; then the eyed eggs were 
shipped to the Wolf Lake Hatchery, 
Michigan, for hatching and subsequent 


284 





planted. The first collection was made 
in May, 1938; thereafter subsequent 
collections were taken at intervals (Ta- 
ble 2) until grayling could no longer be 
found. 

The suitability of Ford Lake as a 
grayling water was demonstrated, as 
some fish of this planting survived for 
3 full years (to an age of nearly 4 years). 
No additional planting was made and 
it is certain that there was no natural 
propagation. The lake has a surface 
area of 11.7 acres and a maximum depth 
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of 33 feet. Water temperatures are suit- 
able for cold-water fish the year round, 
at least in the thermocline and imme- 
diately below. In unusually hot sum- 
mers, however, conditions may attain 
to near the upper limit of toleration for 
cold-water species as to temperature 
and concentration of dissolved oxygen. 

There is little shallow water and the 
bottom is soft, hence aquatic plants are 
limited in kind and quantity. Save for 


There is some evidence of growth 
throughout the winter although our col- 
lections were inadequate to prove the 
point. 

The average lengths and weights at 
capture and the average calculated 
standard lengths are shown in Table 3. 
Representative scales from these collec- 
tions are shown in Figures 8 to 14. The 
average calculated standard lengths of 
all grayling collections from Ford Lake 


TABLE 3.—Forp LAKE GRAYLING—AVERAGE LENGTHS AND WEIGHTS BY INTERVALS 
oF STANDARD LENGTH 
Standard 
length 
(millimeters) 
147 


Number 
of speci- 
mens 


Size group 
(millimeters) 
140-149 
10 150-159 
12 160-169 
7 170-179 
6 180-189 
15 190-199 
200-209 
210-219 


230-239 
240-249 
250-259 
260-269 


280-289 


157 
165 
175 
184 
194 
204 
212 


234 
244 
253 
265 


280 


plankton, the amount of fish food was 
decidedly below the average of small 
Michigan lakes but possibly slightly 
more than in the small, cold, deep-basin 
lakes of the region. There are no inlets 
or outlets and obviously no place where 
grayling could spawn successfully. This 
condition prevents the permanent es- 
tablishment of the species, but is a boon 
to any study of fish of known age. 

If each year of life is assumed to end 
in May, the grayling from Ford Lake 
showed average lengths by years as 


follows: 

Standard 
length 
86 mm. 

199 mm. 

267 mm. 

288 mm. 


Total length 
4.1 inches 
9.2 inches 

12.3 inches 

13.5 inches 


Year 
First 
Second 
Third 
Fourth 


Total 
length 
(inches) 


TY 


Weight 


Weight 
(ounces) 


(grams) 
51 


m WONS DWORENIWO 
CONOR wommynNne 
CS MNwWS DRORDROD 


— 
ae 


were as follows: Ist year, 76 mm.; 
2nd year, 185 mm.; 3rd year, 258 mm.; 
4th year, 284 mm. 

Creaser and Creaser (1935) in a study 
of 13 Michigan grayling, mostly from 
the Otter River, gave calculated stand- 
ard lengths, by years of life, as follows: 
Ist year, 86 mm.; 2nd year, 178 mm.; 
3rd year, 232 mm.; 4th year (1 speci- 
men, Au Sable River), 242 mm. No 
significant comparison can be made be- 
tween their figures and mine because 
the methods employed in making cal- 
culations were probably not compara- 
ble. The authors gave no adequate de- 
scription of their methods and their 
collections were small. The difference at 
the end of the first year might be due, in 
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part, to the fact that the Ford Lake 
specimens spent their first summer of 
life under hatchery conditions not al- 
together favorable for good growth. 
Scales of 21 Montana grayling from 
O’Brien Lake in Montmorency County, 
Michigan, gave an average calculated 
standard length of only 43 millimeters 
when the first annulus was formed and 
171 millimeters at the end of their sec- 
ond year; their first year was spent 
under hatchery conditions. A compari- 
son between the size of 1-year Montana 
grayling kept in the Wolf Lake hatch- 


The length-weight relationships of 
grayling from Ford Lake are shown in 
Table 3, omitting four collections with- 
out information on weight. The series is 
fairly complete except for the 220-229 
and 270-279 groups. With each increase 
in standard length of 10 millimeters 
these fish showed an increase in average 
weight of over 4 grams. 


GrowTH RATE OF MONTANA AND 
YELLOWSTONE GRAYLING 


The grayling of Montana and Yellow- 
stone National Park are most abundant 


TABLE 4.—WESTERN LAKES WHERE GRAYLING COLLECTIONS WERE MADE 


Elevation Area 

Lake (feet) (acres) 
Rogers 4500 325 
Meadow 5000 5000 
Agnes 8500 115 
Georgetown 7000 2990 
Grebe 8000 90 


ery and wild stock of the same age 
from Montana showed that the former 
grew only about one-third as fast as the 
latter. A difference in growth under 
hatchery and lake conditions can be 
seen by comparing the scales of grayling 
kept at the Wolf Lake hatchery until 
October of their second year (Fig. 7) 
with those of fish planted in Ford Lake 
in October of their first year and re- 
covered during October of their second 
year (Fig. 9). This shows that ordinary 
hatchery methods for trout are not en- 
tirely satisfactory for grayling but does 
not necessarily mean that conditions in 
the hatchery were below those possible 
with our present knowledge of grayling 
requirements. 


Methyl 
Maximum orange 
depth alkalinity 
(feet) (p.p.m.) 
21 72 


Other game fish 
present 


cutthroat trout 


12 == brown trout 
rainbow trout 
cutthroat trout 
whitefish 

40 38 — 

25 -— cutthroat trout 

30 23 cutthroat trout 


rainbow trout 


in certain small mountain lakes into 
which they have been introduced (Ta- 
ble 4), and not in their native waters, 
which are the tributary streams of the 
Missouri River above the Great Falls. 
Meadow Lake is the only water in 
which this species can be considered as 
native. This lake itself is a man-made 
impoundment, but the stream previ- 
ously was supplied abundantly with 
grayling. 

Aquatic vegetation was common in 
all except Agnes Lake which has a sharp 
“drop off’ and shoals almost exclusively 
of angular rock. The plant beds in 
Rogers, Meadow, and Georgetown lakes 
cover more than 50 per cent of the lake 
bottoms. Georgetown Lake is especially 
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TABLE 5.—GRAYLING FROM MONTANA AND YELLOWSTONE NATIONAL PARK 
N Stand- Calculated standard length in 
— , ard Total millimeters at end of 
Date ber of An- Weight length length each year of life 
collected speci- nuli (grams) (milli- (inches) 
a meters) 2 a 4 5 6 
Rogers Lake 
5/24/36 2 2 198 251 10.8 142 242 — — nn 
§/24/36 3 3 369 298 13.6 1388 242 286 — a et 
§/24/36 3 4 418 314 14.0 152 249 295 312 - — 
7/19/36 10 1 126 198 9.0 123 _—- —_—- —_— a 
7/19/36 9 2 291 282 12.9 145 260 —- — - — 
7/19/36 3 3 342 296 13.6 122 244 303 — -—- — 
7/19/36 3 4 424 311 14.1 152 245 283 303 - — 
5/30/37 + 3 408 307 13.7 135 244 291 —_— — 
5/30/37 7 4 418 306 13.7 141 239 274 296 - — 
Total 44 Averages 137 247 285 304 — — 
Meadow Lake 
4/26/36 1 2 284 264 11.6 167 252 — - - ~ 
4/26/36 1 3 342 273 12.8 108 239 268 — - — 
6/14/36 1 4 454 330 15.0 121 254 297 323 - — 
6/27/36 3 1 132 205 9.1 138 —- —- — — 
6/27/36 2 2 369 277 12.6 152 248 — — - 
6/27/36 4 3 517 314 14.1 137 260 301 —_ - 
7/10, 12/36 15 1 135 209 9.4 1335 —- —- — - 
7/10, 12/36 4 2 376 289 13.1 139 254 —_— — -- 
7/10, 12/36 8 3 429 298 13.7 128 248 283 — ~ _ 
Total 39 Averages 135 252 298 323 — 
Agnes Lake 
6/ 6/36 3 1 64 155 7.1 m2 — — — — - 
6/ 6/36 2 2 129 2400 #11.0 105 205 — — — — 
6/ 6/36 3 4 246 287 13.0 106 184 248 2830 — — 
6/ 6/36 2 5 «186 284 12.9 106 194 253 271 279 — 
Total 10 Averages 114 193 250 276 279 — 
Georgetown Lake 
6/ 7/36 1 1 459 286 129 21— — — — — 
6/ 7/36 3 4 756 348 15.7 118 257 323 340 — — 
6/ 7/36 1 5 766 368 16.7 109 244 311 338 359 — 
Total 5 Averages 133 254 320 339 359 — 
Grebe Lake 
5/31-6/2/36 6 2 130 231 10.5 104 20 — — - 
5/31-6/2/36 6 3 153 251 11.3 96 203 244 — - 
5/31-6/2/36 2 4 370 320 14.4 107 225 299 314 — — 
5/31-6/2/36 2 5 440 319 14.6 108 216 269 295 311 — 
5/31-6/2/36 1 6 459 318 14.3 82 200 245 269 279 307 
7/ 1-6/36 10 1 59 151 6.6 14—-— —- —- —- =- 
7/ 1-6/36 2 2 200 235 10.5 112 1799 — —-— — - 
7/ 1-6 36 2 3 259 254 11.6 98 202 236 — —- — 
Total 31 Averages 100 205 255 297 301 307 
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YEAR OF LIFE 


Fig. 20. Comparison of calculated standard lengths of grayling from six 
lakes at end of each year of life. 


productive. The high organic content of 
the bottom has resulted in occasional 
severe winter kills of fish. The fluctua- 
tion of the water level in Georgetown 
and Meadow lakes is sufficient to have 
a damaging effect on the fisheries but 
they are extremely productive waters 
despite the fluctuation. Both are arti- 
ficial impoundments under private con- 
trol. 

The length of the growing season in 
all of these lakes varies considerably 


according to elevation. Regular thermal 
and chemical stratification exists in 
Grebe, Georgetown, and Agnes lakes 
but not in Rogers or Meadow lakes. 
Maximum summer temperatures are 
the highest in Rogers Lake. On July 
19, 1936, the temperature of this lake 
was 76°F. at the surface and 71°F. on 
the bottom (20 feet). Maximum sum- 
mer temperatures are undoubtedly 
much higher than these figures. The 
maximum surface temperature in Mea- 
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dow Lake probably never exceeds 74°F. 
In Agnes Lake a well developed thermo- 
cline exists throughout the summer; 
surface temperatures probably never 
reach 70°F. and the bottom water prob- 
ably never rises above 50°F. Grebe 
Lake also has a well developed thermo- 
cline. On July 6, 1936, the water tem- 
perature was 66°F. at the surface and 
46°F’. on the bottom (28 feet). No tem- 
peratures were taken on Georgetown 
Lake but the maximum summer sur- 
face temperature is probably between 
70° and 75°F. All of these lakes have 
comparatively soft water (methyl 
orange alkalinity, 23 to 72 p.p.m.) but 
all are distinctly alkaline at least at the 
surface (pH, 7.4-8.3). 

Determinations of calculated growth 
rates show that grayling in Georgetown 
Lake had the fastest growth and those 
from Agnes Lake the slowest. A sum- 
mary of the lengths and weights at 
capture and of the calculated standard 
length for each year is given in Table 5. 

These figures show that the differ- 
ences in rate of growth are not con- 
sistent for all years of life. In general 
the grayling from Agnes Lake (Fig. 17) 
have grown slowly, but the first year 
fish from this lake are longer than those 
from Grebe Lake or Ford Lake. In 
other words, a superiority in first year 
growth in one lake may not be main- 
tained during subsequent years. A com- 
parison of the calculated standard 
lengths of the different age groups in 
the various lakes is shown in Figure 20. 

A comparison may be made among 
the scales of 4-year-old grayling from 
the following lakes: Rogers, Fig. 15; 
Meadow, Fig. 16; Agnes, Fig. 17; 
Grebe, Fig. 18; Georgetown, Fig. 19. 
Creaser and Creaser (1935), had scales 


of seven from Georgetown and Rogers 
lakes; they computed the standard 
lengths of the first year as 91 mm., and 
of the second year as 234 mm. Our aver- 


TABLE 6.—GRAYLING FROM Montana 
AND YELLOWSTONE— AVERAGE WEIGHTS By 
1-1IncH INTERVALS O# ToTAL LENGTH. 


Number Total Average 


Lake of speci- length weight 
mens (inches) (ownces) 

Rogers 6 § 3.8 
4 9-10 5.2 

1 10-11 6.0 

1 11-12 8.0 

5 12-13 9.4 

19 13-14 12.6 

7 14-15 15.9 

1 15-16 18.0 

Meadow 3 8-9 3.7 
13 9-10 4.4 

3 10-11 6.7 

2 11-12 12.0 

4 12-13 12.2 

8 13-14 14.5 

3 14-15 15.7 

3 15-16 19.7 

Agnes tA 7-8 2.2 
1 10-11 5.0 

2 11-12 6.0 

2 12-13 6.0 

1 13-14 7.0 

l 14-15 12.0 

Georgetown 1 12-13 16.0 
2 15-16 24.0 

2 16-17 29.5 

Grebe 8 6-7 1.9 
2 7-8 2.5 

3 9-10 3.7 

4 10-11 4.2 

4 11-12 6.0 

3 12-13 Sok 

2 13-14 11.0 

2 14-15 13.5 

2 15-16 18.0 


ages for these same two lakes are: first 
year, 135 mm., and second year 250 
mm. The differences may be partly due 
to the methods used. 

The length-weight relationships of 
grayling from western lakes are shown 
in Table 6. Not all size groups are repre- 
sented for each lake but comparisons 
are possible for certain of them. The 
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grayling from Ford Lake are intermedi- 
ate in their growth rate and length- 
weight relationship between the fish 
from Grebe and Agnes lakes and there- 
fore show rather poor growth and con- 
dition when compared with those from 
the other lakes studied. Our collections 
show no significant length-weight differ- 
ences which could be definitely at- 
tributed to sex, but female grayling 
seemed to be larger and heavier in the 
spawning runs. In general, the lakes 
most productive as to aquatic vegeta- 
tion and general organic content pro- 
duce grayling that are the fastest grow- 
ing and best-conditioned. 

No very old American grayling have 
been reported; the oldest we found was 
one from Grebe Lake interpreted to 
have six complete annuli. A scale with 
five complete annuli on a fish from this 
same lake is shown in Figure 3. Rapid 
growth and a short life appear, there- 
fore, to be characteristic of this species. 
The experimental planting in Ford Lake 
became greatly reduced during the 
fourth summer and disappeared almost 
completely in the fifth summer, further 
evidence of a short life. Other factors, 
including competition from bluegills, 
may have been partially responsible 
for the rather sudden disappearance. 


CONSERVATION AND MANAGEMENT 


There is real need for concern about 
the conservation and management of 
Montana grayling. The reduction has 
been less spectacular and sudden than 
that of the Michigan species but the 
end result—extinction—will be the 
same unless preventive measures are 
taken. Its original range, the Missouri 
River and tributaries above the Great 
Falls, now has only a few remnants of 


a once abundant and thriving popula- 
tion. A few are scattered in the Madison 
River impoundments of Meadow and 
Hebgen reservoirs, in the main parts of 
Big Hole River (tributary to Jefferson 
River), and in a few places in the upper 
Gallatin River. The reported reappear- 
ance of grayling in the latter comes after 
10 or more lean years and is attributed 
to the planting of large fingerlings by 
the U. 8. Fish and Wildlife Service. 

Montana grayling today are most 
abundant in a few lakes beyond their 
natural range. Lakes such as Rogers, 
Grebe and Georgetown have been the 
chief source of grayling spawn for many 
years and it is significant that all of 
these waters lack exotic species. This, 
in the writer’s opinion, is the secret of 
their success. The absence of competi- 
tive species such as rainbow, brown, and 
brook trout seems absolutely essential 
to continued production of grayling. 
The Montana grayling, however, is 
compatible with cutthroat trout, a com- 
panion species of long standing. 

Since the beginning of this study, 
grayling have disappeared completely 
from Rogers Lake because of low water 
and higher temperatures resulting from 
the complete removal of forest cover in 
the drainage area of the lake. In Meadow 
Lake, there has been a further depletion 
so that grayling are taken only rarely. 

Georgetown Lake still maintains a 
reasonably good population of grayling 
despite the many removed by winter 
fishermen, but this lake is stocked heav- 
ily by the Montana Fish and Game 
Commission. Agnes Lake is now the 
chief source of grayling spawn for the 
Commission, and Grebe Lake furnishes 
the only grayling spawn available to the 
U. 8. Fish and Wildlife Service. 
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Any program to preserve the Mon- 
tana grayling must consider the need 
for its isolation from competition by 
exotic fish. The brightest hope is for 
establishing them in several virgin 
mountain lakes reserved for the pur- 
pose. Continued “propagation will be 
necessary to replenish the stock of such 
waters because few of them have inlets 
of a quality suitable for natural spawn- 
ing. These lakes, besides offering a rea- 
sonable amount of fishing, could supply 
hatcheries with the needed spawn. Cer- 
tain carefully chosen small lakes al- 
ready stocked with rainbow or brook 
trout can be cleaned by poisoning 
(rotenone) and then stocked only with 
grayling. It would also be desirable to 
reserve suitable streams for grayling if 
any still remain without introduced spe- 
cies. Careful examination of proposed 
grayling waters must be made by a 
competent fisheries biologist before ex- 
tensive plantings are made, if waste and 
disappointment are to be avoided. 

In the light of recent studies made on 
the planting of trout, it is logical to 
believe that the stocking of large gray- 
ling (7 to 10 inches long) in depleted 
native waters, now containing rain- 
bow, brown, and brook trout, should 
meet with limited success, not to estab- 
lish the species permanently but to sup- 
ply a stock for fishermen. This can be 
done at a reasonable cost with improved 
hatchery methods. 

The greatest responsibility for pre- 
serving the Montana grayling rests with 
the Montana State Fish and Game 


Commission, since the species is largely 
confined to that state, and the Com- 
mission alone has authority to make 
provisions and regulations necessary 
for maintenance of the grayling. A care- 
fully planned program at this time 
would almost certainly meet with suc- 
cess. On the other hand, if the species is 
further depleted, as it most certainly 
will be under present practices, there 
will come a day, not long hence, when 
brood stock is no longer available and 
the final chapter will parallel that of the 
Michigan grayling—extinction. 
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SEASONAL MOVEMENTS OF BOBWHITE QUAIL IN 
NORTHWESTERN OKLAHOMA 


L. G. Duck 


Oklahoma Game and Fish Department, Mooreland, Oklahoma 


Sportsmen have long believed that 
bobwhite quail (Colinus virginianus) in 
northwestern Oklahoma tend to shift 
from the upland pastures to the better 
cover of the bottomlands and sand 
dunes for the winter months. Verne E. 
Davison (1935, MS report) appears to 
have been the first to investigate this 
problem and to confirm it with banding 
returns and observations in Ellis Coun- 
ty. 

The present author selected 13 areas 
for study and census in northern Wood- 
ward County to obtain information 
among cover conditions other than 
those studied by Davison. In 1939-40, 
1940-41, and 1941-42 censuses were 
made with bird dogs in September and 
again in January. 

The general relations of the principal 
cover types are shown in Figure 1. The 
mixedgrass upland in the northeast has 
extremely little winter food and cover, 
but affords somewhat favorable nesting 
conditions. These broad rolling prairies 
are deeply dissected by the drainage 
system of the Cimarron River in the 
north to form ravines which are heavily 
wooded and afford excellent winter pro- 
tection for game. South of the upland is 
a broad band of sandy soils which thin 
out at the junction with the mixed- 
grass soils; their cover is of sandsage 
(Artemesia filifolia), and andropogon 
grasses, which furnish excellent summer 
range and, under moderate grazing, 
support good winter quail populations. 
Closely associated with the sandsage 


uplands is the dune-like condition which 
merges into the floodplain of the North 
Canadian River on the south. This is 
the best quail habitat in northwestern 
Oklahoma and generally supports high 
populations for hunting. 


SAGEBRUSH 
UPLAND O 


Dune 
AREA 


Fig. 1. Habitat types of the study areas, 
and the ranges and movements of bobwhite. 
O, summer range of covey; @, winter range. 


The above represents the general 
habitat pattern of northwestern Okla- 
homa and repeated between each pair 
of the major stream courses, which run 
diagonally from northwest to southeast 
across the western part of the state. 

The present study was made to deter- 
mine changes in bobwhite populations 
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TABLE 1.—CHANGES IN BoswuitTe Popv- 
LATIONS IN WoopwakRpD County, OKLAHOMA 


Numbers of quail, Sept.—Jan. 


Plot 


number 1939-40 1940-41 1941-42 


UPLAND MIXED GRASS PASTURELAND 


1 15- 0 Oo 0 12- 
2 19- 5& 8- 0 22- 
3 e- 0 6- 0 12- 


Totals 5 14- 0 
Losses 38 14 
Percentage 
losses 88 100 
Average loss, 80 per cent. 





46- 
30 


CANYON BOTTOMS 
1* 12— 48 8-— 24 
2 0- 23 O- 14 
3 15—- 57 12- 38 
4 0- 44 6— 22 


27-172 26— 98 
145 72 





Totals 

Gains 

Percentage 
gains 537 276 
Average gain, 272 per cent. 


UPLAND SAGEBRUSH PASTURELAND 

1 63-— 12 22— 18 54— 14 
2 52— 36 8S- 0 49— 28 
3 39- 8 ll-— 6 38- 16 


Totals 154— 56 41- 24 141- 58 
Losses 98 17 83 
Percentage 
losses 64 41 59 
Average loss, 59 per cent. 





STABILIZED DUNES 
1 72-102 42— 53 
2 63-— 87 40— 46 
3 68-139 34— 72 71— 93 


203-328 116-171 206-271 
125 55 65 


68— 94 
67— 84 





Totals 

Gains 

Percentage 
gains 61 47 31 
Average gain, 47 per cent. 


* Count of birds per linear mile of canyon. 


on these habitats. Three 160-acre plots 
were selected as representative of the 
mixedgrass uplands, four units of 1 
linear mile each for the associated can- 
yons, and three 160-acre plots for the 
sagebrush uplands and associated sand 
dunes. 

The three census sites of the mixed- 


grass uplands experienced average losses 
of 88, 100 and 65 per cent, respectively, 
for each of the successive years during 
the period from September to January, 
with an average total loss of 80 per cent 
(Table 1). The adjoining canyons or ra- 
vine sites show average increases of 
537, 276, and 134 per cent for each of 
the successive years or 272 per cent for 
all three years. It is assumed that the 
bulk of the movement is from the 
mixed grass uplands to the excellent 
cover of the canyons. Unfortunately no 
data are available to show the relation- 
ship of 160 acres of upland to 1 linear 
mile of bottomland. 

As to the census areas of the sage- 
brush uplands and the winter cover of 
the dune areas, the uplands experienced 
average losses from. September to Jan- 
uary of 64, 41, and 9 per cent, for the 
three years, averaging 59 per cent. The 
adjoining dune areas showed average 
gains of 61, 47 and 31 per cent, ora 
general average gain of 47 per cent. 
Here the bulk of the movement is be- 
lieved to be from the sagebrush uplands 
to the dune areas but some coveys oc- 
cupying the northern fringe of the sage- 
brush type may move into the canyons 
to the north. 

The average losses of the uplands 
habitat were 67, 62, and 60 per cent, re- 
spectively, whereas the bottomland can- 
yons and dunes experienced average 
gains of 104, 89 and 49 per cent in the 
three seasons (Table 2). 

The figures of the present study to- 
gether with the evidence presented by 
Davison (1935), we believe, clearly 
point to a definite shifting of bobwhite 
populations from summer to winter 
range in northwestern Oklahoma. To 
the best of our present knowledge this 
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TABLE 2.—TotTaL PoPpULATION CHANGES 
or BoBWHITE ON CrENsuUsS AREAS, Woop- 
waRD County, OKLAHOMA. 


1939-40 1940-41 
Average 
Winter 


1941-42 
Mild 
Severe Winter Winter 


UPLANDS 
Sept.—Jan. Sept.Jan. Sept.—Jan. 
5 0 0 0 12 
19 0 8 0 22 
9 0 6 0 12 
63 12 22 18 54 
52 36 0 49 


39 ° 8 11 6 38 








187 61 55 21 
Losses 126 34 
Percentage 

losses 


187 
113 


67.3 


61.8 60.4 


BOTTOMLANDS AND DUNES 


8 25 
0 12 
12 8 
6 8 
42 68 
40 , 67 
34 71 


142 
127 


104.8 89.4 





259 
126 


48 .6 


Gains 
Percentage 
gains 


pronounced movement is restricted to 
some 12 or 13 counties in northwestern 
Oklahoma. Meager data on the daily 
range of bobwhite there indicate that 
within a particular winter or summer 
the range of a covey is fairly restricted 
to between 10 and 40 acres, depending 
upon the richness of the habitat. The 
move from summer to winter range may 
be abrupt, and not a gradual daily 
movement into heavy cover. During the 
late summer and fall of 1939 several 
coveys were under daily observation. 
They could be located at any time of 
day in a somewhat fixed series of cover 
types. In mid-December, however, five 
of eight coveys suddenly disappeared 
and were never found with certainty 
again. This study area was 320 acres in 
size and the three remaining coveys 
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continued to occupy about their regular 
ranges through the winter and until the 
spring breakup. 

There appears to be a greater shift 
of birds from uplands to bottomlands 
and dunes during winters of severe 
weather (Table 2). The winter of 1939- 
40 was one of the most severe experi- 
enced in northwestern Oklahoma for 
some years and considerable mortality 
of bobwhite quail occurred. This is seen 
to be the study period showing the 
greatest percentage of population 
change as to both gain and loss columns 
in Table 2. The winter of 1941-42 was 
exceptionally mild and showed much 
less shifting of birds on the study areas. 

The distances traveled by individual 
birds in these movements may be con- 
siderable in some cases. We have taken 
the liberty of using figures from some 
of Davison’s banding returns to illus- 
trate this phase of the problem. The 
average distance traveled by 11 birds 
from place of banding to place of re- 
covery was 9.72 miles. The greatest dis- 
tance was 26 miles, by a bird banded on 
September 8, and recovered on Decem- 
ber 2. The least distance traveled was 
3 miles, by a bobwhite banded on Au- 
gust 7, and recovered on December 25. 
Some of the birds apparently move con- 
siderable distances and must pass 
through some excellent habitat condi- 
tions, but we believe that the present 
figures show the general trend of the 
shift to be from poor cover to good win- 
ter range on the approach of cold 
weather. As to the cause of these move- 
ments, we have no experimental data, 
but only a general knowledge from the 
study areas used in the censuses. Ob- 
servations here, and elsewhere indicate 
that the richness of the habitat in rela- 
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tion with severity of winter weather de- 
termines the proportion of birds forced 
to move. 

Around farm yards where feed is 
stacked and good cover is available, 
quail sometimes tend to occupy a small 
annual range, such as is typical of the 
bobwhite in its more eastern localities. 
There is concentration of populations 
during severe winter weather around 
farm yards in some areas, where food 
and cover are available. 

Sufficient evidence is available to 


show a distinct seasonal shift from sum- 
mer to winter range with bobwhite quail 
populations in northwestern Oklahoma, 
It appears that these movements are in- 
tensified during winters of severe 
weather, indicating that the movement 
is forced, and represents a seasonal 
adaptation to the varied types of quail 
range. Obviously this movement factor 
is important in management, and calls 
for closer examination of conclusions as 
to the distances traveled by hatchery 
released birds in this same general srea. 


HISTORY AND STATUS OF THE HUNGARIAN 
PARTRIDGE IN MICHIGAN 


Fred H. Dale 


Department of Conservation, Lansing, Michigan 


Investigation of the Hungarian par- 
tridge (Perdix perdix) in Michigan has 
afforded information that may be of 
general significance in the wildlife field. 
The study, a Federal Aid in Wildlife 
Restoration Project under the direction 
of the Game Division, Michigan De- 
partment of Conservation, extended 
from December 1939, to June 30, 1941. 
The general objectives were: (1) study 
of the history; (2) compilation of data 
on habitat requirements; (3) status of 
the species in Michigan; and (4) formu- 
lation of a policy for future manage- 
ment. 


Earzy History 


The first releases of Hungarian par- 
tridges of record in Michigan were made 
by W. B. Mershon about 1910. Most 
of the 200 birds imported were liberated 
near Saginaw Bay, but Mershon (let- 


ter, October 7, 1938) mentions some in 
Clare County and others near Pontiac. 
At Bay Port, 16 partridges (possibly 16 
pairs) were reported to have increased 
to an estimated three hundred by the 
end of the second year. “Then,” says 
Mershon, ‘‘they disappeared.” At Pon- 
tiac the partridges “increased to about 
sixty when a gang of pot hunters from 
Detroit came in and cleaned them out.” 
Early in 1918, about one hundred were 
released northeast of Lansing but little 
is known of the venture and evidently 
it failed. 

There have been several releases on 
private estates, but information is in- 
complete. Harry Jewett held a breeder’s 
permit for three hundred birds in Oge- 
maw County in 1929. In 1927 he experi- 
mented with releases where wing-clipped 
adults were allowed to hatch broods in 
enclosures from which the young could 
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escape when old enough to fly. In 1931 
some of these birds were reported to 
have persisted in the vicinity, but ap- 
parently there were no permanent re- 
sults. Other releases were made on 
private estates near Oxford, Oakland 
County, in the late 1920’s. Leopold 
(1939) indicates that 600 partridges 
were liberated in that vicinity from 
1926 to 1930. These early importations 
must have resulted in release of more 
than a thousand partridges in southern 
Michigan between 1910 and 1930 over 
a fairly wide sampling of major soil 
groups. 
IMMIGRATION 

Hungarian partridges were intro- 
duced into northern Ohio about 1915 
and shortly thereafter a few moved 
across the Michigan line to become es- 
tablished in southeastern Lenawee 
County. No exact information is avail- 
able on the rapidity of increase and 
spread, but in January, 1931, a census 
south of Blissfield by R. E. Yeatter in- 
dicated about a bird to 15 or 20 acres. 
Two years later the population of the 
census area had more than doubled. Ap- 
parently, 1933 was the peak year, after 
which the numbers decreased. 

The early establishment in Lenawee 
County was on Brookston clay, a 
heavy, poorly-drained soil, and there 
was very little spread from this soil type 
for the first few years. Later there has 
been a gradual increase in occupied 
range and most soils of the county have 
had partridges at some time. 

A second colony, evidently of birds 
migrating from Indiana, became estab- 
lished in southern Cass County on a 
small area of light-textured soil, but 
has spread only slightly and the popu- 
lation has remained low. 


PROPAGATION 


The Michigan Department of Con- 
servation began propagation experi- 
ments with Hungarian partridges in 
1925, when 108 birds were imported 
from Europe. Little then was known of 
the technique of rearing young par- 
tridges, and results of the first year 
were disappointing. Of 32 mated pairs, 
only one hatched young and the six of 
this brood escaped. Four young were 
hatched from eggs picked up in the pen 
of supposedly unmated birds. Only 
these four birds, one female and three 
males, survived the first year, all adults 
having died by the end of the first sum- 
mer. The female failed to mate with any 
of the three males the following spring 
and all were liberated. Thus, the first 
experiment was a failure, except for ex- 
perience gained. 

In 1929, 35 eggs were collected in 
Lenawee County from nests uncovered 
in farming operations. Eight partridges 
were reared to maturity, but these in- 
cluded only two females. In 1930, four 
females, imported by the Shiawassee 
County Conservation Association, were 
obtained to mate with the extra males. 
In that year 95 birds were hatched from 
eggs laid at the Game Farm, and 74 
from eggs collected in Lenawee County; 
65 were reared to maturity, forming a 
nucleus for future partridge propagation 
in Michigan. 

From this beginning, there has been 
a slow and irregular increase in produc- 
tion of game-farm partridges. Not until 
1938 were more than 200 birds lib- 
erated in any one year, and the annual 
production remained less than a thou- 
sand partridges until 1941. Although 
the rearing of partridges remains some- 
what uncertain, it is now possible to 
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produce the birds in sufficient num- 
bers to test the habitats of the state 
adequately. From 1930 to 1940, in- 
clusive, the Department of Conserva- 
tion released 3,297 partridges in 40 
areas, selected to provide a sampling of 
the major land types of southern Mich- 
igan. 
INVESTIGATIONS 

An attempt was made to investigate 
all areas in which partridges were re- 
leased. These were classified roughly as 
to land type and land use, in the hope 
that some correlation could be found 
between success and the kind of area 
selected. Actually, no such correlation 
was possible. Many releases afforded 
the birds with access to several soil 
types within a small radius and, more 
importantly, the degree of success was 
so slight in all releases that no favorable 
factors could be isolated. In only four 
of the 40 localities were partridges 
found more than a few months after 
their release, two on outwash soils and 
two on morainal areas. At no place was 
the degree of success sufficient to raise 
high hopes for the future of the species. 

A second phase was concerned with 
the status of partridges in southeastern 
Michigan, where the species first be- 
came established. This area was re- 
ported on by Yeatter (1933), who made 
an intensive study near Blissfield, and 
later conducted several censuses in co- 
operation with field men of the Con- 
servation Department. Some changes 
had taken place in populations of par- 
tridges and pheasants on Yeatter’s 
original census area and it was hoped 
that additional field work might shed 
light on factors responsible. 

According to Yeatter’s censuses, par- 
tridges increased from 103 on the cen- 


sus area of three square miles in 193] 
to a high of 238 in 1933. The latter fig. 
ure is the greatest recorded for the 
Blissfield area, a population density of 
about one bird to eight acres. Since 
then censuses have not been made every 
year, but evidently there was a some- 
what gradual decrease from 1933 to 
1937 (censuses in January), with abrupt 
decline to about one bird per 50 acres in 
March, 1938. By January, 1941, a cen- 
sus covering two square miles revealed 
only 10 partridges, indicating a popula- 
tion density of about one bird to 136 
acres. 

Attempts are made to trace changes 
in population densities elsewhere in 
southeastern Michigan, chiefly by opin- 
ions of residents, since accurate field 
records were not available. Inaccuracies 
are expected in such a survey, but it 
appeared to be the only practicable 
means. The information wes analyzed 
to learn whether the trends in popula- 
tions of partridges on the different land 
types within their range varied accord- 
ing to any discernible pattern, or 
whether there had been a uniform de- 
crease over the entire area. 

The major land types within the area 
studied include: (1) lake-bed clays and 
silt loams, predominating over south- 
eastern Lenawee County, and well rep- 
resented in the census area near Bliss- 
field; (2) lighter textured lake-bed 
soils, with somewhat sandy surface but 
a high water table, principally near 
Milan, Monroe County; (3) sandy soils 
probably derived from lake beaches, 
and drier than the lake-bed soils, being 
marginal or sub-marginal for agricul- 
ture; (4) sandy outwash soils in a small 
strip of the Fox series near Tecumseh, 
northeastern Lenawee County; and (5) 
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rolling clay plains of glacial origin, of 
Miami loam and silt loam, in a strip 
across southeastern Hillsdale County 
and western Lenawee County. Organic 
soils, including muck and peat, also 
occur, but generally are limited to small 
acreages and appear unsuited to par- 
tridges. 

Much of the information was general. 
Usually it was possible to get an opinion 
as to whether partridges were more or 
less abundant than in former years, but 
rarely to establish the time when 
changes in abundance occurred. There 
was sufficient uniformity among the 
opinions expressed within any one ma- 
jor land type to piece together a fairly 
accurate picture of population trends. 

On the lake-bed clays residents 
agreed that there had been marked de- 
crease within the past few years, either 
about the middle 1930’s or a little ear- 
lier. A few first noticed a big decline 
about 1937. Evidently the trends indi- 
cated by censuses near Blissfield were 
general throughout the low, heavy-tex- 
tured soils. 

On the lighter-textured lake-bed soils, 
similar trends were exhibited but in 
lesser degree. Valid estimates of peak 
populations were not obtained, but ap- 
parently the partridges had never been 
so abundant as on the census area at 
Blissfield; decline in numbers was less 
strongly marked on the lighter soils, so 
that populations there in 1941 were 
higher than near Blissfield. 

The drier sandy soils of western 
Monroe County yielded little informa- 
tion. The area is settled largely by 
farmers of foreign origin who speak 
English with some difficulty; many had 
not lived there long enough to know 
about partridge history. Several re- 





ports of coveys were received, but some 
appeared to refer to bobwhite. Cer- 
tainly partridges were not abundant in 
1941. Similar but slightly more fertile 
soils in southwestern Lenawee County 
appeared to have more partridges. The 
populations evidently were larger in 
1941 than for several years previously, 
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Fig. 1. Summer rainfall and Hungarian 
partridge censuses in Michigan. Black, aver- 
age rainfall at Adrian; barred, average of 
censuses at Blissfield. 


but the history in that area is uncertain. 
The marked decline on clay soils seem- 
ingly did not occur on the sandy soils 
of southwestern Lenawee County. 


Soils of the Fox series, near Tecum- | 


seh, apparently support slightly more 
partridges than low clay soils, but none 
of the local farmers recalled that the 
birds ever had been numerous. This 
area seems mediocre for partridges, but 
the populations do not vary so greatly 
from year to year as on heavy soils. 
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The rolling clay plains of eastern 
Hillsdale County afforded information 
that appeared more valid than that 
from most of the other areas. There 
evidently had been a gradual increase 
in the late 1930’s. Some parts appeared 
to have nearly as many partridges in 
1941 as the clay plains in the time of 
Yeatter’s study, but the birds did not 
appear to be uniformly distributed. 


HABITAT REQUIREMENTS 


The study of habitat requirements 
was restricted chiefly to evaluation of 
evidence from other places, as reported 
in the literature or in correspondence. 
Population trends on lands of south- 
eastern Michigan have been considered 
chiefly as a means of testing the appli- 
cability of this evidence to local con- 
ditions. 

Soin 


The preponderance of evidence, 
chiefly from European sources, indi- 
cates that the partridge prefers light 
soil. Middleton and Chitty (1937), in 
England, say, “The most favourable 
habitat for partridges is arable land on 
dry soils such as sand and gravel, chalk 
or brick earth, associated with low rain- 
fall.” Leopold (1937), writing of Silesia, 
says, “Pheasants predominate on the 
heavier wetter soils; partridges on the 
lighter warmer loesses and sands.” 
Middleton (1937), in speaking of high 
mortality in a wet summer in England, 
says, “The central Breckland districts 
of Norfolk, on the other hand, showed 
a high survival of young birds, probably 
due to the porous sandy soil and scanty 
vegetation on the rabbit grazed heath- 
lands.” Nolte (see Leopold, 1935) con- 
siders the partridge in Germany to be 
a prairie bird which finds optimum 


range on “warm,” loessial soils. Heavy 
populations are attainable on ‘‘cold” 
soils only by drainage. 

Maxwell (1911) quotes R. Hersey, 
head-keeper to the Earl of Ellesmere 
(5,500 acres of which 2,500 acres are 
light, sandy soil), “Our best season was 
1907-1908, when 2,598 partridges were 
killed, of which 2,180 came off the light 
land and only 418 from the heavy... . 
In my opinion heavy land is not worth 
keeper’s wages for partridges. In four- 
teen seasons our best day off the heavy 
land was 130 brace.” 

Most European reports indicate that 
light soils are preferred, but heavier 
soils under skillful management are 
satisfactory. Maxwell (op. cit.) says: 
“Formerly the light soils of the eastern 
counties of England were alone con- 
sidered capable of supporting great 
numbers of partridges, as indeed they 
were capable of doing without any help 
from the hand of man beyond the casual 
attentions of the old-fashioned game- 
keeper. Now, however, it has been 
proved beyond all question that the 
heavier lands... can, under the mod- 
ern methods of higher preservation, 
carry as heavy and, in some cases, even 
a heavier head of partridges than those 
more naturally congenial to game.” 
Maxwell quotes elsewhere from the re- 
port of a game keeper, ‘‘On the light 
soil, which is naturally the principal 
partridge ground, there is a scarcity of 
natural nesting cover.” 

In America the evidence for light 
soils is not so uniform. Trautman (1940) 
says all attempts at introduction of 
partridges on the clay soils of Ohio 
have failed, while some on lighter soils 
were successful. E. M. Lee, Chief Game 
Warden of North Dakota (letter, Sept. 
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10, 1940), says, “Sandy soil is to their 
liking.” In contrast, one report from 
Montana (American Game Conference, 
Trans., 17, discussion, pp. 172-174) in- 
dicated that the kind of soil has little 
effect on distribution of partridges in 
that state. J. W. Cluett, Director of the 
South Dakota Department of Game 
and Fish (letter, Sept. 11, 1940), says, 
“We do not note that they show any 
preference for any particular kind of 
soil, as we find them in areas which are 
rather sandy and in other districts in 
which the soil is primarily gumbo or 
pure black dirt.” 


TERRAIN 


There is a greater unanimity of 
opinion on the kind of terrain “‘pre- 
ferred” by Hungarian partridges. 
Nearly all reports on success in North 
America stress the fact that the birds 
are more abundant on rolling lands. 
The correlation of light soil and rolling 
terrain suggests that the factor to which 
both conditions contribute, namely, 
drainage, is the important considera- 
tion. 

MOoIstTuRE 


Partridge chicks are very susceptible 
to wet conditions. For example, Middle- 
ton (1937) says, “During the first week 
of their lives the chicks are so very 
small and delicate that any unfavour- 
able circumstances are likely to result 
in their death; cold or very wet weather 
in late June or July is certain to be a 
direct cause of heavy losses among par- 
tridge chicks, as they quickly get 
chilled, and may then contract a form 
of pneumonia which is rapidly fatal. 
Many instances of this were observed 
in 1934.” 

In the same paper Middleton quotes 


from the diary of a Mr. Barry for July 
18, 1922. “It’s all up with the par- 
tridges. The last four days’ rain (4.20 
in.) has killed the birds. Up till then we 
had a beautiful show.” Middleton 
demonstrates further by charts that 


214 





907 


MB came Farm Biros 
[WJ imporreo siRos 





"30 3! '32 3334S 36 373839 ~~ 40 


Fig. 2. State releases of Hungarian partridges 
in Michigan, 1930-40. 


survival of young partridges paralleled 
the aggregate hours of sunshine in a 
striking manner over a 31-year period. 
He points out that this might be a 
result of the warm, dry weather accom- 
panying sunshine rather than of solar 
radiation. 

Leopold (1935) reports a formula de- 
veloped by Nolte in Germany for 
production of Hungarian partridge: 
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A=(wt/n) XC, in which A is popula- 
tion or yield, w is solar energy as ex- 
pressed in sun and warmth, ¢ is dew, 
n is rainfall during the breeding season, 
and C is a constant representing the 
optimum breeding density for the par- 
ticular range. 

The use of a formula such as that by 
Nolte is unfortunate in a problem so 
complex as the survival of young par- 
tridges and implies a degree of accuracy 
that can never be approached in studies 
of this kind, yet the formula is probably 
correct within limits in that survival is 
influenced favorably by sunshine and 
dew, and unfavorably by rainfall. 

Other European writers who mention 
the ill effect of rainfall on young par- 
tridges include Maxwell (1911) and 
Hunting (1929). 

There is less available information on 
the effects of wet weather on the success 
of Hungarian partridges in North 
America, possibly because the areas in 
which the species has been most success- 
ful all have low rainfall. 

Errington and Hamerstrom (1938) 
compared nesting success over three 
years in northwestern Iowa; one year 
included an “extreme drought that 
continued until early June,’’ another 
had “normal” rainfall, and the third 
was “unusually wet.” The report was 
intended to show the effect of the 
drought, and the nesting results of the 
normal and wet years were not con- 
sidered separately. Drought was not 
deemed a serious factor, since its effects 
were apparently exerted through nest 
failure. The authors believed that much 
of the early loss was compensated for 
by renesting. No mention w..s made of 
the success of broods during the wet 
season, and it can be inferred that such 


a condition was not considered un- 
favorable. 

Bent (1932) discusses the results of 
early releases in Oregon; those in moist 
valleys near the coast were all failures, 
while those in the dry, interior valleys 
were highly successful. These facts con- 
form to the theory that dry conditions 
are desirable for partridges, but are not 
conclusive. 

Most state game authorities who re- 
plied to a series of questions during this 
study had not noticed any marked re- 
sponse to wet hatching seasons, al- 
though O. W. Morris, Director of the 
Idaho Fish and Game Commission, re- 
ported that “wet, stormy weather dur- 
ing the spring months reduces the 
hatch considerably.” E. M. Lee, re- 
porting for North Dakota, discounted 
the effects of wet hatching seasons, but 
says, “Of course, wet and cold weather 
would have its effect on the Hun brood 
the same as any other ground nester.” 
J. W. Cluett in South Dakota said they 
had not noticed any effect of wet sea- 
sons, but that “much of the area where 
these birds have shown a considerable 
increase has been subject to unusual 
drought during the past few years.” 

Common belief in the “wetness” of 
the British Isles evidently has led many 
to feel that few places in North America 
could be too wet for birds adapted to 
the British climate. Actually, parts of 
England are quite dry. Some of the 
highlands of west Scotland have an 
average precipitation in excess of 80 
inches, but the annual average for 
England is 32.7 inches, and for one 
locality in Essex is only 18.4 inches. 
Much of eastern England receives less 
than 25 inches annually, and the greater 
part of the partridge range is in the 
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section with less than 30 inches. Sum- 
mer rainfall in southeastern England is 
about 23 per cent of the annual average 
(data from Bilham, 1938). This indi- 
cates precipitation in June, July, and 
August of 4.5 to 7 inches, as contrasted 
with about 10 inches for the same 
period at Adrian, Michigan. 

The low rainfall in southeastern 
England is offset somewhat by cool 
summers and consequent low evapora- 
tion, but the light chalk soils contribute 
to drier conditions. As Bilham says, 
there is practically no runoff from these 
soils, all rain being absorbed as it falls. 


TEMPERATURE 


There is little reference in literature 
to temperature as a limiting factor for 
partridges, aside from the ill effects of 
low temperatures associated with rain- 
fall during the hatching season. The 
lack of information on tolerance for 
high temperatures possibly results from 
the fact that the places where these 
birds have become most numerous have 
relatively cool summers and there has 
been little opportunity to test the effect 
of hot weather. The mean June tem- 
perature at Walla Walla, Washington, 
for example, is 66.6°F., as compared 
with 76.3°F. at Detroit (U.S. Weather 
Bureau). Calgary is still cooler than 
Walla Walla with a June mean of 55°F. 
Budapest, in the native range of the 
partridge, has almost the same June 
temperature as Walla Walla. 


CovER 


Hungarian partridges appear to find 
optimum conditions in grain fields and 
require little brushy cover. According 
to Spiker (1929), this bird needs strictly 
open country for successful existence; 


consequently the Iowa prairies are es- 
pecially well adapted to its needs. For- 
bush (1925) says, “The European par- 
tridge frequents open and cultivated 
fields, grain fields, meadows and waste 
lands, all of which it prefers to the 
woods, though it will often seek cover 
in thickets.” Middleton (1936) believes 
“security and shelter rather than the 
food supply given by corn [small grain] 
crops to young partridges -. . make 
corn-growing districts the most favour- 
able habitats.” 
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Fig. 3. Localities of Hungarian partridge 
releases in Michigan, 1928-40. 


In North America the partridge has 
had its greatest success in the wheat 
producing areas; in many of these 
places wheat offers about the only 
available cover. Turnips and beets are 
said to furnish cover in Europe. Corn 
has been used by the partridge in the 
Lake States, but there is relatively 
little grown in the best partridge states. 
From all appearances, row crops are 
superior to the denser cover of alfalfa 
or clover, especially in rainy weather 
or on mornings with heavy dew, when 
dense crops hold much moisture. 
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Changes in the populations of Hun- 
garian partridge and of pheasants in 
southeastern Michigan have been dis- 
cussed earlier (Dale, 1942). These ap- 
peared to agree very well with what 
would be expected from reported habi- 
tat preferences of the species. The par- 
tridges first became established in an 
area of heavy-textured, poorly-drained 
soil, but data from the United States 
Weather Bureau indicate that this oc- 
curred during a period of subnormal 
summer rainfall. This was especially 
true for the period during which 
Yeatter’s censuses indicated a sub- 
stantial increase. 

The first decrease was observed dur- 
ing the fairly wet summer of 1935 when 
there was about 10 inches of rain in 
June, July, and August. This preceded 
the census of January 1936. The sum- 
mer of 1936 was exceptionally hot 
and dry, with new records for high 
temperatures in July, when many farm 
animals perished from the heat. The 
partridge census of the following winter 
indicated a reduction in numbers of 
about 35 per cent from the preceding 
year. 

The most marked drop in partridge 
population evidently occurred in the 
summer of 1937, when southern Michi- 
gan experienced one of the wettest 
summers on record. Nearly 20 inches of 
rain fell during the three summer 
months, about half of it in June. Sum- 
mers since that time have been about 
normal, with approximately 10 inches 
of rain in the summer months, 

If we are justified in drawing con- 
clusions from these meager data, it 
seems that partridges can thrive on 
heavy soils of the lake-bed plains during 
periods of low rainfall, but that normal 


summer precipitation in southern Mich- 
igan is too great for them on the poorly 
drained soils. It seems that partridges 
do better on the lighter soils than on 
heavy soils during the wet periods. 

Success appears to have been con- 
siderably better on the well-drained but 
heavy soil of the rolling-clay plains 
during the past few years than in areas 
less well drained; it is possible that 
partridges have done better there in 
moderately wet summers than in pe- 
riods of drought. 


Stupy or 1940 RELEASES 


Some information was gained on the 
fate of 736 game-farm partridges re- 
leased in southern Michigan in the 
autumn of 1940. There was rapid and 
wide dispersal in almost every instance 
and the probability of securing informa- 
tion on the death of released birds was 
small. Of the 28 known losses, 11 appar- 
ently died as a result of rain and cold to 
which they were exposed shortly after 
release. Such losses were probably 
heavier than normal, since the rainfall 
in August was exceptionally heavy. 
Several young were found dead at the 
site of one release a few days after 
liberation. Thirteen birds had been 
eaten by predators—hawks, house cats, 
and dogs; death may, however, have 
been from natural causes and the birds 
eaten by these animals acting as scav- 
engers. One young bird was drowned in 
a water tank, and three were killed at 
night by an automobile while they were 
roosting on a gravel road. 


SUMMARY 


Releases of Hungarian partridges in 
Michigan over the past 30 years have 
provided opportunity to observe the 
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degree of success of these birds under 
various conditions. No release has had 
outstanding success, and nearly all 
have failed. ; 

Partridges are present over a con- 
siderable area in southern Michigan 
along the Ohio and Indiana borders, 
put are nowhere abundant. Hillsdale 
County has the largest population at 
present, and parts of Lenawee and 
Monroe counties have fair densities, 

The climate of Michigan in summer 
does not seem favorable for partridges. 
Normal summer rainfall is higher than 
in successful habitat elsewhere, and 
maximum summer temperatures may 
approach the limit of tolerance for the 
species. Areas of light-textured soil or 
uneven surface seem to be most favor- 
able, where drainage tends to counter- 
act the effect of high summer rainfall, 
and ultimate success appears most 
likely on these areas. 
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A MULTI-MARKING SYSTEM FOR RING-NECKED 
PHEASANTS! 


Willet N. Wandell 


Division of Wildlife Research and Management, Boston, Massachusetts 


In a study of the Ring-necked pheas- 
ant (Phasianus colchicus torquatus) 
population in the Connecticut River 
Valley, Massachusetts, one primary ob- 
jective has been to evaluate the effec- 
tiveness of releasing artificially reared 
birds to augment natural populations. 
This involved marking the birds prior 
to release, reclaiming casualties in the 
field, and censusing residual popula- 
tions. Satisfactory technics for marking 
were needed to pursue this program 
effectively. The methods described were 
used in 1940, 1941 and 1942. 


OBJECTIVES OF MARKING 


The carcasses of pheasant casualties 
found in the field are seldom intact. 
Predators in eating their kills often 
leave only scant remains for identifica- 
tion, and carcasses of birds dead of 
other causes are commonly fed upon 
and scattered by scavengers. These 
points were considered in formulating 
objectives of the marking system which 
were as follows: 


1 Joseph A. Hagar, Director of the Divi- 
sion of Wildlife Research and Management, 
Massachusetts Department of Conservation, 
and R. E. Trippensee, Professor of Wildlife 
Management, Massachusetts State College, 
supervised Federal Aid in Wildlife Restora- 
tion Project 3-R-1 under which this study 
was carried on. Charles L. McLaughlin, 
Carl F. Nelson, and James J. McDonough, 
Project employees, assisted in marking birds 
for the various releases and checking results 
in the field. All furnished helpful suggestions 
and criticisms. 


1. Completeness. Several body parts 
of each bird must be marked to: (a) 
aliow identification from fragmentary 
remains, and (b) afford a maximum 
probability of eliminating duplicate 
records from casualties when the re- 
mains are scattered widely. 

2. Permanency. Markings must be 
capable of identification at least several 
months after release of the birds; any 
that lose their identity in a shorter 
period confuse otherwise acceptable 
data. 

3. Simplicity and ease of application, 
The methods must be capable of rapid 
application. When handling many 
birds, any method that is slow and 
difficult to apply will be of little value. 

4. Harmless effects. Markings must 
not affect the vitality of the birds or 
make them more attractive to predators 
by changing the color patterns or in 
other ways. 


MarRkKING METHODS 
NOTCHED BILLS 


Bills of dead birds often remain at 
the feeding places of predators, and 
they also may be reclaimed from feces 
or pellets and in the debris at hawk 
and owl nests. The bill may be marked 
satisfactorily by making small V-shaped 
notches along the edges of the upper 
and lower mandibles (Pl. 22, A), as 
close to the base of the bill as possible. 
Each notch is 2 to 3 mm. deep, and 
barely through the cornified sheath 
(Fig. 1); a deeper cut is unnecessary and 
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may injure the bird. A 6 inch triangular 
tapered file or a sharp knife is used to 
make the cut, the file being safer and 
can be used with greater speed. 

The notches gradually move out 
toward the apex of the bill as growth of 
the sheath proceeds, but may be identi- 
fied for at least 14 weeks after marking, 
as shown by comparison of the bill of 
an unmarked bird (Pl. 22, B) with that 
of a bird three months after marking 
(Pl. 22, C). Markings on the upper 
mandible are usually more distinct and 
disappear less rapidly than those on 
the lower bill. 





Fig. 1. Diagram of upper mandible, showing 
depth of notch used on pheasants. 


NOTCHED TOE CLAWS 


Toe nails, marked with notches simi- 
lar to those used on bills, can be identi- 
fied when found among the feeding and 
nesting remains of predatory birds or 
mammals and in pellets or feces (Pl. 22, 
D). It is practical to mark all nails of 
each foot when few birds are being re- 
leased for an intensive study. When 
many are to be marked for liberation, 
notches may be limited to the middle 
claw of each foot. 

A knife or small file, as previously 
described, is used to mark the toe 


claws. Each notch is cut through the 
horny sheath on the dorsal side, near 
the point where the claw emerges from 
the end of the toe, for a depth of 1 mm. 
(Fig. 2). Notches on the lower surface 
of the claw may cause the latter to 
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Fig. 2. Diagram of a toe claw, showing 
depth of notch used. 


break off. When using a knife, greater 
care is necessary to gage the depth of 
the notch. Best results are obtained by 
holding the bird’s foot on a flat surface 
in a walking position when marking. 

Claw markings grow out and dis- 
appear more rapidly than bill markings 
(Pl. 22, EZ), but such notches on experi- 
mental birds were identified 10 weeks 
after marking. Experience indicates 
that a majority of the casualties from 
a single release usually occur within a 
period considerably less than 10 weeks 
after liberation. 


MARKING LEG SCALES 


Leg markings are of unusual value 
for identification because legs are 
usually present when skeletal remains 
are found. Mammalian and avian 
predators or scavengers, and the nest- 
lings of hawks and owls generally dis- 
pose of the fleshy parts of a carcass and 
leave the inedible legs. Bird legs are 
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occasionally ingested by adult hawks 
and owls of the larger species, and many 
times are regurgitated intact in pellets. 
Fecal remains from mammalian preda- 
tors, such as foxes, sometimes contain 
portions of legs and leg scales from 
birds which have been killed and eaten. 

Individual leg scales are marked by 
cutting or filing away a small portion of 
the outer cutical layer from the center 
of each scale, removing approximately 
one-tenth of the surface of the scale 
(Pl. 22, F). Scale marks are no deeper 
than the scale proper and do not injure 
the leg bone. For rapid application and 
identification, scale markings are lim- 
ited to the larger leg scales on the 
anterior portion of each leg. Birds may 
be marked for individual identification 
by varying the number or the arrange- 
ment of the scales marked; however, 
under most conditions, it is not prac- 
tical to mark more than five scales on 
one leg. 

The extent of retention of scale mark- 
ings has not been established com- 
pletely, but some experimental birds 
marked in June, 1940, could be clearly 
identified as late as May, 1941 (PI. 22, 
H). It appeared that the scale markings 
persist for a greater length of time. 

The use of scale markings as a means 
of identification is not limited to adults, 
since pheasants may be marked as 
chicks by this method. Twenty-four 
young pheasants one week old were so 
marked without loss (Pl. 22, G@). 

Leg scale markings on pheasants 
younger than six weeks old are made 
most safely with a small fine-tipped 
soldering iron heated to the same tem- 
perature as used for soldering. The 
scale to be marked is touched lightly 
with the tip of the iron so that approxi- 


mately one-fourth of the surface ig 
seared. Cutting and filing the scales 
effectively marks young birds but 
blood is usually drawn by this method, 
and may induce picking if the birds are 
confined after marking. 


TATTOOING WING WEBS 


It is a common practice for some 
species of hawks and owls, when feeding 
on pheasants, to tear apart the carcass 
and leave the wings. The predator evi- 
dently stands on the breast or back of 
the dead bird, grasps the humeri with 
its beak, and severs the wings. In this 
process wing bands often are lost. 

Permanent tattoo marks properly 
placed on the wing web (patagium) can 
be identified, however, if only a small 
part of the web remains. In this opera- 
tion, black poultry tattooing ink is 
applied either with a standard poultry 
wing tattooing instrument or with a 
home-made device. The poultry tat- 
tooer available on the market consists 
of two jaws attached to handles. One 
jaw is surfaced with a series of sharp 
metal points and the other with rubber 
or cork into which the points sink when 
pressure is applied on the handles. In 
operation, the portion of the wing web 
to be marked is placed between the 
open jaws, and when these are closed 
there results a series of small perfora- 
tions through the skin; tattooing ink 
then is rubbed into these openings. 

The home-made tattooer consists of 
three medium sized needles inserted eye 
first into a cork in such a manner that 
the points converge (Fig. 3). In use, the 
needle points are dipped in tattooing 
ink and then punched through the wing 
web. The tattoo marks are so dis- 
tributed that at least one is placed at 
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Marking pheasants. A. Method of applying lacquer to the under wing surface. B. Lacquer 
in 3 bands on under wing surface of juvenile pheasant. C. Individual primaries of a wing 
similarly marked. 





¥ 











MARKING RING-NECKED PHEASANTS—Wandell 


either end of the web, since this portion 
is most likely te survive for later 
identification. This device has an ad- 
vantage over the standard poultry 
tattooer in that its use involves no 
danger in pinching the wing muscles; 
also, a better distribution of marks can 
be obtained. 

Tattooed body surfaces may also be 
of aid in identification when a small 
portion of the skin and body feathers 
are the only remains found from a 
casualty. The limitations of this opera- 
tion are the time involved in doing a 
thorough job and the possible effect 
upon the vitality of the bird. 


FEATHER MARKINGS 


The marking of wing and tail feathers 
has proven to be the most important 
operation in this system of marking. 
Flight and tail feathers were the only 
means of identification for 51.5 per cent 
of the casualties found in the field. This 
technique also serves to identify birds 
that survive liberation from their 
molted feathers found in the field and 
from birds in the bags of hunters. 

Feathers may be marked with any 
good quality of lacquer. Excellent re- 
sults are obtained with the type used on 
automobiles. For best results, it should 
be thinned, either with acetone or 
standard lacquer thinner, to such a con- 
sistency that one drop placed on glass 
at room temperature will spread to a 
diameter of 6 to 7 mm. A small brush, 
capable of spreading the lacquer in a 
strip 9 to 10 mm. wide, is used. 

In applying the lacquer, one person 
holds the bird back down on a flat sur- 
face and spreads either the wings or 
tail while another uses the brush. The 
under surface of each wing is marked 
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while fully extended, beginning at the 
tip and working toward the body (PI. 
23, A). Enough lacquer is held on the 
brush to mark a wing in one or two 
prolonged strokes. Tail feathers are 
marked while the person handling the 
bird holds back the rump feathers and 
spreads the tail. The brush is applied 
transversely across the lower surface of 
the feathers as nearly proximad as 
possible. 





Fig. 3. Home-made tattooing device. 


The following seven colors have been 
successfully used for feather markings: 
black, royal blue, forest green, jade 
green, orange, vermillion red, and yel- 
low. Light pastel shades and white are 
unsatisfactory because they become 
soiled and difficult to identify. With the 
exception of green, it was found in- 
advisable to use more than one shade 
of the same color. 

A number of birds in a single release 
may be marked for individual identi- 
fication by varying the color and posi- 
tion of the bands in relation to the ends 
of the feathers. Most satisfactory re- 
sults were obtained when not more 
than three bands were used on one 
individual (Pl. 23, B, C). The use of 
seven colors in one-, two-, or three-band 
combinations, permits the marking of 
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399 individual birds without duplica- 
tion. 

A simple method of recording color 
markings has been devised. Each color 
is assigned a number as follows: black, 
1; blue, 2; forest green, 3; jade green, 4; 
orange, 5; red, 6; yellow, 7. Combina- 
tions of colors are assigned numbers as 
suggested by the various bands in each 
combination, reading from the proximal 
to the distal end of the feather. Thus, 
a bird marked with red and black would 
receive the number 61; one marked 
with yellow, orange and blue, 752. 

Feather markings are retained until 
the first molt following application. On 
autumn-liberated pheasants, markings 
are of value as a means of identification 
for 8 to 10 months and for a shorter 
period of time on spring-released birds. 
A careful examination, sometimes with 
the aid of hand lens, is necessary in the 
case of dropped feathers collected more 
than 5 months after marking. 


RESULTS 


These various methods of marking 
were applied to 76 adult pheasants (57 
cocks and 19 hens) artificially propa- 
gated and released on a 6,000-acre study 
tract in Amherst, Massachusetts, in 
March, 1941. 

The following remains were re- 
claimed from the area during the two 


months following release: 
Cocks Hens 
Marked birds (1941 spring re- 


ease 16 5 
Unmarked birds (‘‘wild” ori- 
gin) 8 6 
Origin unknown 2 3 
Totals 25 14 


Five of the 39 birds could not be 
identified as to origin because markings 
were not found on the scant remains 
located. Evidence indicated that these 
remains were not duplicates of other 
kills reclaimed. From these data it was 
calculated that the marking method 
was 87 per cent successful in identifying 
all casualties found. 


SUMMARY 


1. A marking system was developed 
for application to artificially propagated 
pheasants prior to liberation to assist 
in the identification of kills in the field, 
and was used with decided success in 
1940, 1941 and 1942. 

2. In developing various techniques 
the points of primary importance were: 
(a) Completeness, the more parts of 
each bird marked the greater possi- 
bility of identification from remains; 
(b) permanency, each marking, to be 
satisfactory, must be identifiable for at 
least several months; (c) simplicity and 
ease of application, each technic must 
be capable of easy and rapid application 
with untrained assistance; and (d) 
harmless after effects, markings must 
not affect the vitality of the bird or 
make it more attractive to predators. 

3. The techniques developed in- 
cluded: notching bills, notching toe 
claws, marking leg scales, tattooing 
wing webs, and lacquering feathers. 

4. Following the 1941 spring release 
39 casualties of “wild” and liberated 
birds were reclaimed in two months, 
indicating a total effectiveness of 87 per 
cent for this system. 
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POPULATION TURNOVER ON A WISCONSIN PHEASANT 
REFUGE! 


Aldo Leopold, Theodore M. Sperry, William S. Feeney, and 
John A. Catenhusen 


University of Wisconsin, and State Conservation Department, 
Madison, Wisconsin 


This study measured, by five suc- 
cessive censuses and bandings of a 
sample population, the rate at which 
five generations of pheasants disap- 
peared and were replaced by reproduc- 
tion. 


Stupy AREA, Metuops, TERMS 


The population occupied a winter 
range of 600 acres on the University of 
Wisconsin Arboretum. It was fed in 
winter, was unshot, and doubled in 
numbers during the study period. It 
sustained a trap mortality equivalent 
to light shooting. 

The study area includes 500 acres of 
marsh, 60 acres of oak-hickory timber, 
and 40 acres of old fields. The area has 
been ungrazed, unmowed, and un- 
burned since 1932, and offers heavy 
winter cover. It serves as winter range 
for the pheasants of a larger adjoining 
summer range. 

The census. A census drive was held 
each December as soon as the marsh 
had frozen, and was completed in a 
single day. A dozen units were driven 
one by one, each in a direction aimed to 
flush the pheasants into a unit already 
driven, or into outside territory. The 


1 Journal Paper No. 4, University of Wis- 
consin Arboretum. The CCC, National 
Park Service, furnished field personnel for 
this study up to June 5, 1941; Irven O. Buss, 
Wisconsin Conservation Department, co- 
operated by trapping and banding pheasants 
outside the area. 


driving crew varied from 15 to 70 men. 
In years when the crew was small, we 
subdivided the units so as to maintain 
a spacing of 5 to 30 yards between men, 
depending on the nature of the cover. 
Tally men stationed around each drive 
counted the emerging birds, but when 
units had to be subdivided, ‘“‘sneakers”’ 
(birds emerging on foot) were doubtless 
overlooked. Sexes, when distinguish- 
able, were tallied separately. No bird 
alighting in an undriven unit was 
tallied. 

Despite our precautions to com- 
pensate for varying crews, an error 
must have crept in. In January, 1939, 
Feeney made a series of experimental 
drives to explore this error, and he 
flushed birds as follows: 


Date Crew On 200 acres On 600 acres 
Jan. 19 10 75 


20 10 75 142 
25 70 93 
27 72 87 174 


17% less 18% less 
than 70 men than 70 men 


10 men flushed 


Since the error is not great, and we used 
no crew smaller than 15 men for actual 
census, no correction for size of crew 
is made. 

We do not regard the census as a 
precise measurement. It is used in this 
paper only to compute the untrapped 
residue of the population. It is our belief 
that the actual population was prob- 
ably never less than the census tally, 
but may have exceeded it. 
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Fig. 1. A. Survival history of five year-classes of ring-necked pheasants at Madison, Wisconsin, as indicated by trapping re- 


turns. B. Survival history corrected for probable banded birds in the untrapped portion of the population. C. Survival history of 


average year-class with average turnover rates. 


(Origin of corrections for first two year-classes shown by curving lines in A and 


ections im 73.) 
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Wisconsin PHEASANT TURNOVER—Leopold, ct al 


Trapping. About 16 traps were oper- 
ated from November through April. 
The traps were visited two or three 
times a day when in operation. During 
storms, and frequently at other times, 
the traps were propped open and used 
as feeding stations. The traps were 
wire-covered crates with bob-wire en- 
trances (1: 179). Corn was used as bait. 
The wire roof was thatched with vege- 
tation to reduce scalping. 

During the first four winters the 
trapped birds were taken in sacks to a 
headquarters building for weighing and 
banding, being released at the point of 
capture during the next round of the 
traps. This involved holding the eve- 
ning catch over night, for the last round 
was made at dusk to avoid overnight ex- 
posure. During the fifth winter scales and 
banding equipment were carried to the 
traps, and the birds released on the spot. 

Terms. In this paper a “new” bird 
means one trapped and banded for its 
first time. A “year-class” means all the 
new bandings for a given winter. When- 
ever a new bird is retrapped during the 
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first winter, it is a “repeat.’’ The first 
time this bird is retrapped in any sub- 
sequent winter, it is a “return,” but 
additional trappings are repeats. Any 
banded bird found dead is a ‘“‘recovery.” 
A “turnover” means the number of 
years required for a year-class to shrink 
to zero. The “turnover rate” is the rate 
of shrinkage of any year-class during a 
succession of winters. 


TURNOVER 


During the first winter, the catch 
consisted entirely of new unbanded 
pheasants, plus repeats of these. During 
subsequent winters the catch consisted 
of new unbanded birds, plus returns 
from previous years and repeats of 
both. Each banded bird averaged 3 
trappings, the original and two others. 
Of the total of 1,671 catches: 562 were 
original bandings; 90 were returns from 
the 562; and 1,019 were repeats of the 
original bandings and returns. 

The catch by winters, exclusive of 
repeats, and the census are detailed in 
Table 1. 


TABLE 1.—COMPOSITION OF THE PHEASANT CATCH BY YEARS. 


























a Returns of birds originally Un- 

. b eaded banded Total Per trapped 

Winter non ale Census cent residue 

_ “ lyr. 2yrs. 3yrs. 4yrs. © catch (census- 

— ago ago ago ago catch) 
1937-38 22 22 133* 17 111 
1938-39 137 8 145 214 60 69 
1939-40 148 25 5 178 340 52 162 
1940-41 127 26 9 0 162 299 54 137 
1941-42 128 13 2 2 0 145 317 46 172 
Totals 562 72 16 2 0 652 13038 651 
Averages 112 18 5.3 1 0 130 261 50 130 
Seale of 100: 100 16 4.7 1 





0 








, * A census drive on November 30 tallied 260 pheasants; subsequently 127 were removed, 
eaving 133. 

> The census tally was 182, but we trapped more hens than the drive tallied. This corrected 
figure is computed from the drive and trap ratios. 
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The composition of the catch is read 
horizontally; thus the second winter 
yielded 137 new bandings plus 8 re- 
turns from the first winter’s year-class 
of 22. The history of any year-class is 
read diagonally downward: thus the 
second year-class is represented by the 
series 137—25-9-2. 


true, for individuals often “skipped a 
year” in returning to the traps, and this 
is not explicable in terms of movement. 

The banded survivors of any year- 
class are assumed to be distributed 
proportionately between the trapped 
and untrapped portions of the popula- 
tion. Thus during the second winter we 


TABLE 2.—CoMPUTED COMPOSITION OF THE BANDED POPULATION 
(Corrected for untrapped residue) 








Probable Survivors from 


Probable 











Newly Prob 
‘ banded banded robable 
Winter year- lyr. 2yrs. 3yrs. 4 yrs. popula- (Census) pale 
class ago ago ago ago tion ” 
1937-38 22 22 133 17 
1938-39 137 12 149 214 70 
1939-40 148 48 10 206 340 61 
1940-41 127 48 17 0 192 299 64 
1941-42 128 28 4 4 0 164 317 52 
Totals 562 136 31 4 0 733 1303 
Averages 112 34 10.3 2 0 146 261 56 
Scale of 100: 100 30 9 1.8 0 





The average of the five survival series 
appears at the bottom of the table and 
is represented by the series 112-18— 
5.3-1-0. Probably most of the birds in 
the average year-class were one-half 
year old when banded, and none re- 
turned to the traps for the fifth winter. 
Hence the average turnover period is 
about five years, and this is also the 
maximum age ordinarily attained by 
individual pheasants. 

The average survival series gives the 
turnover period but does not convey a 
true picture of the year-to-year turn- 
over rate, because the initial figure of 
each survival series represents all of the 
individuals bearing bands of that year- 
class, whereas the remaining figures 
include only those survivors returning 
to the traps. Additional banded sur- 
vivors exist in the untrapped portion of 
the population. We know this to be 


te 


caught 8 of the original year-class of 22, 
but additional survivors of the 22 
existed among the untrapped residue of 
69. If the distribution of survivors is 
proportional, then 8:145::2:69. The 
correction, x, is 4 birds, which added 
to 8 gives a probable actual survival of 
12. All survival series are corrected by 
this method in Table 2. 

It should be noticed that, by reason 
of this correction, the new average 
series shrinks less abruptly than the 
uncorrected series of Table 1: 


Uncorrected series, Table 1: 112-18- 
5.3-1-0 

Corrected series, Table 2: 112-34 
10.3-2-0 


Reduced to a scale of 100 the corrected 
average is 100-30—9-1.8-0. 

The three graphs of Figure 1 show 
(A) the raw data, (B) the corrected 
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data, and (C) the average survival on a 
scale of 100. 


Discussion 


Since the average survival series is 
the gist of this paper, a discussion of its 
strong and weak points is in order. The 
reader should understand, first of all, 
that each value in the series 100-30- 
9-1.8-0 is an average of successive 
trappings and not of calendar years. 
Thus 100 represents the five first trap- 
pings of five year-classes, 30 represents 
four second trappings of four year- 
classes, etc. The values decrease in re- 
liability to the right; the value 1.8 is 
based on only four birds and two trap- 
pings, and obviously is subject to 
chance distortion. This shrinkage in re- 
liability is inevitable in any banding 
series aimed to measure mortality. 

In Table 2, the five year-classes are 
averaged first and then reduced to a 
percentage; it is debatable whether 
latter should be done first. When thus 
reversed, a different series results: 
100—38-20—1.5-0. The method of Table 
2 seems preferable because it automati- 
cally ‘“‘weights” each series for volume, 
whereas the opposite method gives 
equal weight to each year-class, regard- 
less of the number of birds included. 
Kither method automatically averages 
out possible weather differences be- 
tween years. 

Both methods assume there are no 
“untrapped” spots in the Arboretum 
population. This seems justified be- 
cause the average area per trap was only 
40 acres, but cannot be tested by re- 
peat records because trap mortality op- 
erated differentially against repeaters. 

The main weakness in the survival 
series from Table 2 is that the correc- 


tion is based on the difference between 
the total catch and the census, and 
hence is vulnerable to census error. If 
the census is too low, it makes the cor- 
rection too low, 7.e., leaves the shrink- 
age still too abrupt. It does not, how- 
ever, change the total length of the 
turnover period, which Table 1 shows 
to be about five years. 

Correction for untrapped residue 
may be avoided only by trapping the 
entire population each year. Our ex- 
perience indicates that this is impos- 
sible with pheasants. Allen (2: 159), in 
a similar operation, trapped 40 per cent 
of his population as against our 50 per 
cent. 


AGE-CLASSES 


The initial figure of each survival 
series consists partly of reproduction 
and partly of older birds. The per- 
centage of older birds must have de- 
creased as the bandings became more 
complete. If old birds have a materially 
different turnover rate than young, it 
would be necessary to split off this 
older component to arrive at a residual 
series representing an unmixed age- 
class. However, the mixed average 
series 100-30—-9-1.8-0 undoubtedly be- 
gins with a preponderance of birds 6 
months old and gives no indication of 
any great change with age, the shrink- 
ages being 70, 70, and 80 per cent, 
respectively (Fig. 1, C). If there were 
a substantial change in turnover rate 
with age, the second figure should be 
different from the first, but they are 
identical. Hence no attempt is made to 
split off the older component. 

We have one anatomical check on the 
survival series derived from banding 
history. The proportion of old birds in 
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any large sample should be (30+9 
+1.8)/(100+30+9+1.8) =29 per cent. 
During the fifth winter we probed the 
bursa (%} in ‘he first 70 birds caught 
(up to /anunary 16) and found it closed 
in 28 (40°,) which were old birds. 

Allen (2: 172) found the bursa closed 
in 12 per cent of 106 pheasants trapped 
during the winter among a population 
which had been shot regularly and 
heavily. The higher proportion of young 
in Allen’s shot population suggests that 
hunting, by reducing the adult popu- 
lation in fall, in some way augments the 
rate of reproductive gain (survival of 
young per hen) during the following 
breeding season. The net result would 
be more young and fewer adults per 
unit of population. 

The uniformity of the shrinkage rate 
(70, 70, 80%) in the series 100-30-9- 
1.8-0 probably has special significance. 
The numerical base for these shrinkages 
of course decreases to the right, hence 
the terminal figure carries the least 
weight. The identity of the first two 
figures suggests that once a pheasant 
reaches his first winter, the experience 
which accrues from age ceases to have 
any further survival value. Green and 
Evans (4: 276) found this same charac- 
teristic in their much larger survival 
series for snowshoe hare. 

The approximate age composition of 
the Arboretum pheasant population 
may be computed directly from the 
corrected survival series: 


Birds mostly Numbers Percentages 
$ year old 100 71 
13 years old 30 21 
24 years old 9 6 
33 years old 1.8 1 
3 years old 0 — 
140.8 100 


The inclusion of about 30 per cent of 
older birds in each of these age groups 
in no way changes the percentage- 
composition, provided there be no 
change of turnover rate with age. 


EGRESS AND INGRESS 

The foregoing deductions assume 
that the Arboretum pheasant popula- 
tion is self-contained, 7.e., that the in- 
dividual pheasants which comprise it 
during one winter do not spend the 
next winter elsewhere, or vice versa. 

If pheasants shifted from the Arbo- 
retum to another winter range (egress), 
they would escape our traps and appear 
as false shrinkage in the survival series. 
If some shifted to the Arboretum from 
another winter range (ingress), they 
would falsify our assumption that each 
new year-class consists of reproduction 
plus survivors from previous unbanded 
residues. It would consist in part of 
ingress, and the effect would be a false 
prolongation of survival. If both ingress 
and egress occur (as is likely if either 
occurs), our series would contain com- 
pensating errors of unknown magni- 
tude. If there is important movement 
to or from the Arboretum, it is to or 
from the south, because the city of 
Madison and wide lakes block move- 
ment to or from the north. To the south 
lie open upland farms, known to be 
used by Arboretum pheasants for feed- 
ing excursions during winter thaws, and 
for nesting in summer. This open up- 
land is broken by two areas of marsh 
cover. The smaller and nearer of these 
(Dunn’s marsh) adjoins the Arboretum 
on the southwest. It was not trapped, 
but Arboretum pheasants doubtless 
visit it at all seasons. Its winter ca- 
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pacity is not over a dozen pheasants 
and it leads to no other marshes. 

The larger is the Fish Hatchery 
marsh, 14 miles to the southeast. It has 
a winter capacity nearly as large as 
that of the Arboretum, and leads east- 
ward to a chain of other marshes. It is 
the likely route of egress from or ingress 
to the Arboretum. Irven O. Buss of the 
Conservation Department made a cen- 
sus of the Fish Hatchery pheasant 
population during the last two winters, 
and then trapped and banded nearly 
half of the pheasants: 


Trapped Percent- 


Winter Census and age 
Banded Trapped 

1940-41 224 70 31 

1941-42 216 113 52 


No Arboretum band has appeared 
among the 183 pheasants trapped by 
Buss, nor has any Fish Hatchery band 
appeared among the 307 banded pheas- 
ants handled on the Arboretum during 
the same period. 

To appraise the meaning of this, the 
following rough computation is offered: 
Between the fourth and fifth winters 
the following banded pheasants dis- 
appeared from the Arboretum, or at 
least eluded our traps (see Table 1): 


Fourth year-class 127 —13 =114 
Third year-class 26— 2= 24 
Second year-class 9-—- 2= 7 


Total shrinkage of banded birds 145 


If a quarter of this shrinkage were 
due to egress, and if half the egress 
lodged in the Fish Hatchery marsh, the 
Fish Hatchery population during the 
fifth winter should have included 18 
pheasants bearing Arboretum bands. 
Buss’s traps sampled 52 per cent of the 
population; hence 9 Arboretum bands 
should have appeared in his traps. The 


fact that none appeared indicates that 
egress must account for much less than 
a quarter of the total shrinkage. The 
same reasoning, applied to non-appear- 
ance of Buss’s bands in Arboretum 
traps, indicates that the ingress must 
be small. 

In all of the foregoing discussion, we 
are considering only changes in winter 
range from year to year. Both the 
Arboretum and the Fish Hatchery 
marsh are known to radiate pheasants 
during every winter thaw, but these 
birds may be seen flying back to roost 
at sunset. Both also radiate pheasants 
each spring for nesting; Buss has re- 
covered one of his bands in the upland 
nest of a mower-killed hen 14 miles 
from the Fish Hatchery. Apparently, 
however, the birds return in winter to 
their original winter range, rather than 
shift to other winter ranges. If this 
proves true of wild pheasants elsewhere, 
it is a character very important in 
management. 

The above applies only to wild 
pheasants. It is known that artificially 
propagated pheasants, when newly re- 
leased, wander at random, and display 
no attachment to any locality. 

Only two pheasants bearing Arbo- 
retum bands have so far been reported 
by hunters; both were killed within a 
half-mile of the Arboretum boundary. 
Hunting returns are, however, of no 
quantitative value for measuring move- 
ment, because hunters take many bands 
which they do not report. 

There is one possible fallacy in these 
deductions: an outward shift, consisting 
of young unbanded pheasants only, 
might take place in summer or fall from 
either area without being detected by 
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banding operations. Buss, however, has 
found evidence of strong inward move- 
ment in fall toward the Fish Hatchery 
marsh, and the same inward movement 
probably holds for the Arboretum 
marsh. 

Trap Morta.ity 


In any banding study, trap mortality 
is superimposed on natural mortality 
and confuses the survival picture. In 
this study one of every seven banded 


way to allow for trap mortality is to 
consider the whole population as having 
been subjected to a 14 per cent kill, 
despite its location on a refuge. 
About 2 per cent of the banded birds 
were recovered as “natural” or non- 
trap mortality. Known causes of death 
include dog, mink, barred owl, fox, 
poaching, and weather. No attempt was 
made to distribute the mortality among 
these or other causes. This natural mor- 


TABLE 3.—SURVIVAL SERIES IN VARIOUS SPECIES 








Species Author 


Year 


1 2 3 4 5 6 








Pheasant This study 


Randall (p. 302)¢ 
Middleton (p. 814)¢ 100 278? 
Sumner (p. 247) 


Hungarian partridge 
California quail 
Emlen (p. 95) 


Richardson (p. 240)> 100 27.8 7 
Green & Evans (p. 273) 100 31.6 9.3 


Snowshoe hare 


Song sparrow (males) Nice (p. 196) 


100 30 9 Le © 
100 288 


100 26.8 7.2 2 0.5 
100 31 | nn be 
3.1 0.7 
3.3 0.6 
100 47.9 16.7 5.6 2.1 0.7 





* Computed from author’s data. 
> Included some game farm quail. 
° Not based on banding. 


birds (14%), and one of every 20 
catches, were killed in the traps, mostly 
by self-hunting dogs. 

Allen (2: 158) suffered a trap loss of 
5 per cent. At times we had to discon- 
tinue pheasant trapping until dogs with 
the “trap habit” could be caught and 
removed from the area. 

Trap mortality killed pheasants of 
every category: new birds as yet un- 
banded, newly banded birds repeating, 
and older banded birds returning or 
repeating. In the long run, it probably 
fell on each of these categories in pro- 
portion to its numbers. To correct the 
tables for trap losses would be im- 
possible, because the losses were con- 
current with the trappings. The best 


tality must account for the annual 
turnover rate of 70 per cent in the 
average survival series. 


TURNOVER IN OTHER SPECIES 


Table 3 compares the survival of 
Arboretum pheasants with some sur- 
vival series in pheasants and other 
species, as reported by various authors. 

Despite the diversity in species and 
in method of study, the survival series 
in the first four species are strikingly 
similar. Not all of these authors started 
with grown young, but since there is 4 
tendency for mortality percentages to 
hold for all ages, this disparity probably 
does not destroy the comparability of 
the several series. 








pn -=|S > — 


> > > 








is to 
Ving 
kill, 


birds 
non- 
leath 

fox, 
t was 
mong 
mor- 


nnual 
1 the 


al of 

sur- 
other 
hors. 
; and 
series 
ingly 
arted 
e is & 
es to 
pably 
ty of 








Sex RATIO AND SEX TURNOVER 


Census drives consistently show a 
higher percentage of cocks than the 
catch of the traps, and both show a 
progressive decline in cocks through the 
study period, thus: 


Winter Census Traps 
First 41 34 (excluding repeats) 
Second 53 35 
Third 45 23 
Fourth 37 30 
Fifth 29 12 
Averages 41 27 


We have no explanation as to why 
traps yield fewer cocks than the cen- 
suses, except that they are harder to 
trap. The average monthly cock yields 
of the traps show no seasonal variation 
large enough to be significant; Novem- 
ber to March yielded 21, 31, 29, 23, 
and 15 per cent, respectively. We be- 
lieve that the census tally of about 
40:60 is more nearly correct than the 
trap tally. 

The progressive decrease in cocks 
through the study period, both in the 
census and the traps, warrants the com- 
putation of separate turnover periods 
for the two sexes. For this purpose we 
use the uncorrected banding returns, 
omitting decimal fractions: 





Year-class Cocks Hens 
1 11-3-0 21-7-5-0 
2 48-6-0 89-19-9-2 
3 35-5-0 113-21-2 
4 44-3 83-9 
5 14 114 
Average 31-5-0 84-14-5-1 


Average, scale of 100 100-15-0 100-17-6-1 
Average for both sexes, Table 1: 100-16-4.7-1 


It is evident that a differential turn- 
over period (and doubtless also turn- 
over rate) obtains as between the sexes. 
No year-class of cocks has achieved a 
longer turnover period than three years, 
whereas only one year-class of hens has 
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disappeared as yet, and that one be- 
came zero at its fourth year. Pheasants 
surviving to their third and fourth 
winters are all hens. The reasons for this 
differential are of course speculative. 
Possibly fighting among cocks results in 
mortality, and perhaps increasing popu- 
lation pressure has augmented fighting, 
and hence cock mortality. 

Despite the trend toward a lower 
proportion of cocks, the Arboretum 
still has nearly twice as many (29% in 
1942-43) as the open ranges of Dane 
County where cocks are hunted. There 
Buss (10: 5) found a winter ratio of 15 
per cent cocks among 1,634 pheasants 
tallied. Allen (2: 167) reports 23 per 
cent of cocks in winter census drives of 
a shot population. 


WEIGHT CHANGES 


All pheasants caught during the last 
four winters were weighed. The results 
appear in Tables 3 and 4. 

Individual weights are subject to a 
chance distortion of 100 grams by 
reason of full or empty crops. It might 
be supposed that the period of waiting 
in the trap would tend to empty all 
crops, and thus level off this variable, 
but digestion appears to be arrested by 
the state of fright which trapping in- 
duces. Hence we believe that our 
weights represent the alimentary status 
prevailing outside the traps. 

The crop variable, as well as the wide 
variation in body size, makes it desir- 
able to assemble weights in a few large 
groups rather than many small ones. 
For this reason Table 4 attempts only 
monthly averages for the whole four- 
year period, while yearly averages in 
Table 3 divide the winter into only two 
parts. Both tables omit repeats because 
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TABLE 3.—WEIGHTS OF NEWLY-BANDED PHEASANTS (MOSTLY YOUNG) BY YEARS 


















































| Cocks Hens 
‘ear | Nov—Jan. |  Feb.—Apr. Jan. b.-Apr. 
Year | Nov.—Jan | Feb.—Apr ate, Nov.—Jan Feb.—Apr ‘hii 
| No. | Grams | No. | Grams | ages | No. | Grams No. |Grams| ®8° 
1938-39 | 19 | 1549 | 27 | 1382 1451 33 | 1163 57 1062 | 1099 
1939-40 15 | 1400 ; 20 | 1451 1429 | 33 1033 77 1011 | i018 
1940-41 30 1481 | (13) | (1447) | 1471 43 1073 38 984 | 1031 
1941-42 | (8) | (1443) | (6) | (1411) 1429 65 1053 49 1088 | 1068 
Totals 72 | | 66 | | | 174 221 a 
Averages 1478 | | 1418 | 1075 1036 | 
Seale of 100 100 | 96 | | | 100 96 | 





® Values based on fewer than 15 birds are in parentheses. 


trapping itself reduces weight. Returns 
(older birds) are omitted to get a largely 
homogeneous age-group. The values 
based on less than 15 birds (paren- 
theses) may be disregarded. 

Deductions suggested by Tables 3 
and 4 are: 

1. Both sexes reach a weight-peak in 
December, and then decline until spring. 

2. Cocks are still declining in weight 
during April, whereas hens start gaining 
in March, and by April have regained 
their December weights. 

3. Birds-of-the-year, in early winter, 
vary in weight as between years, and 
these weights are characteristic of the 
year. Of the four years studied, 1938-39 
produced the heaviest pheasants on the 
Arboretum. 

We next discuss the statistieal valid- 


ity of these deductions, together with 
the relevant literature. 

1. The exact timing of the late-fall 
peak in weights is probably a matter of 
weather, and hence of no great impor- 
tance. Allen (2: 177) reports mid- 
January as the weight-peak in Michi- 
gan, but his time-categories are split 
too finely for his volume of data. The 
interesting point is that even fed popu- 
lations decline during cold weather. 
The average decline between the first 
and second halves of the winter is small 
—-only four per cent. 

2. The anomalous gain of hens in 
early spring, as distinguished from the 
continued decline of cocks, is not sta- 
tistically verifiable as real, one difficulty 
being the small sample of cocks. A dif- 
ferential spring gain has, however, been 


TABLE 4.— WEIGHTS OF NEWLY-BANDED PHEASANTS (MOSTLY YOUNG) BY MONTHS 
DURING Four WINTERS 


Cocks 








Hens 


| 
; 
| 


$$ $$ ——— 


Month Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. 





No. of birds® | 





(3)| 27| 42/ 26] 21] 19 


(11)| 61 | 102 | 87 | 113 | 21 








| 
(1432) 1526 [1450 [1441 |1420 |1386 | (1110) 1109 |1051 [1015 [1036 {1120 


Grams 
Seale of 100 | (94) 100 | 95 | 95} 93 | 91 | (99)| 99| 94] 91 | 92 | 100 


{ 





® Values based on less than 15 birds are in parentheses. 
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reported in two allied species: Wilson 
(11: 131-134) found it in red grouse, 
and Stoddard (12: 75-76) in bobwhite; 
Nice also found it in the song sparrow 
(13: 25-26). More ample data probably 
will sustain its existence in pheasants. 

3. That different years produce 
pheasants of different weight is statisti- 
eally verified in hens but not in cocks, 
the difficulty being the individual varia- 
bility of the cocks. Only the November- 
January weights were considered eli- 
gible, because winter storms disqualify 
the later data. 


ant population. To do this, we must use 
the findings of nesting studies (14) 
made elsewhere. Starting with a unit 
group of 100 pheasants in winter, its 
sex and age composition will be, in 
round numbers: 


Cocks Hens Totals 
Old birds 10 20 30 
Birds-of-the-year 30 40 70 


Totals 40 60 100 


Among the old birds there are few or no 
cocks beyond their second winter, but 
there are some hens in their fourth 
winter. Of the 60 hens, about 47 (78%) 





Adults 
Young Totals 
Cocks Hens 

By midsummer: 47 hens X9 chicks = 423 40 — 60 — 523 — 
By winter: down 70 

Summer loss 84% 

70 grown survivors comprise 30 40) 70 
By winter: original 100 adults have shrunk 

40 cocks to 10 

60 hens to 20 
After 1 year: population returns to original level 40 60 100 


The first year (1938-39) produced the 
heaviest hens. This was also the year of 
least population density. This may be 
coincidence, but it at least suggests that 
crowding may reduce physical or psy- 
chological welfare. 

It should be noted that the 84 per 
cent shrinkage in the young birds be- 
tween hatching and winter is greater 
than the 70 per cent shrinkage which 
will thereafter take place each year. 
This comparison appears in Graph C, 
Figure 1. 


LirE EQUATION 


The ratios developed in this paper 
can be combined with the reproductive 
potential of the pheasant to outline a 
life-equation for the Arboretum pheas- 


will succeed, by nesting and renesting, 
in bringing off a brood (14: 13) and the 
average brood will be seven chicks per 
nesting hen, or nine per successful hen. 


SUMMARY 


Five consecutive bandings of a pro- 
tected pheasant population indicate 
that each annual increment of grown 
young shrinks to zero by its fifth winter. 
The turnover period is thus about five 
years. 

The intervening survival is repre- 
sented by the series 100-30—9-1.8-). 
This series resembles those reported for 
Hungarian partridge, California quail, 
and snowshoe hare, 

The shrinkage or turnover rate be- 
tween winters is about 70 per cent. Its 
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uniformity suggests that once a bird 
reaches its first winter, its chance of 
survival does not improve with age. 

The 100—30—-9-1.8-0 survival series 
implies an age composition of 71—21- 
6-1-0 per cent of birds 3, 14, 2%, 33, 
and 4} years old, respectively. 

The turnover period in cocks is three 
years; pheasants older than this are all 
hens. This inferior survival in cocks 
probably accounts for the 40:60 sex 
ratio. The percentage of cocks de- 
creased during the study period, per- 
haps because of growing density and 
increased fighting. A 15:85 ratio pre- 
vails on the hunted ranges of the same 
county. 

These data on survival, age composi- 
tion, and sex ratio imply a mortality of 
84 per cent among young pheasants 
between hatching and winter. 

Cocks are harder to trap than hens. 
One of every seven banded pheasants 
and one of every 20 catches was killed 
in the traps, mostly by dogs. This loss 
was the equivalent of light shooting. 

Cocks lost weight from December 
through April. Hens lost weight from 
December through March, but re- 
gained their loss in April. Different 
years produce pheasants of different 
weights. 

Trapping and banding in the nearest 
outside marsh showed no winter-to- 
winter shift of banded birds to or from 
the study area. 
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PARASITES OF COTTONTAIL RABBITS ON THE SAN 
JOAQUIN EXPERIMENTAL RANGE, CALIFORNIA! 


Carlton M. Herman and Harry A. Jankiewicz 


California Division of Fish and Game, San Francisco, and 
University of Southern California, Los Angeles 


From August 1941 to March 1942, 
44 cottontail rabbits (Sylvilagus audu- 
~ bonii vallicola) were examined for para- 
sites at the Los Angeles Wildlife Disease 
Research Station of the U. 8. Fish and 
Wildlife Service, in part of a coopera- 
tive study of the causes of wildlife 
fluctuations in western United States 
by the Fish and Wildlife Service and 
the Forest Service. The rabbits were 
trapped alive by Henry 8S. Fitch and 
Lowell Adams on the San Joaquin Ex- 
perimental Range, in the foothills at 
the eastern edge of the San Joaquin 
Valley near O’Neals, Madera County, 
California, 

Most of the rabbits were killed and 
autopsied sh. .tly after being received, 
but 20 were kept for periods up to two 
months for experimental purposes. Fe- 
cal samples from the latter animals 
were examined periodically and 10 were 
inoculated with Eimeria stiedae from 
domestic rabbits. Passed feces were 
examined by the zine sulfate centrifu- 
gation technique described by Faust, 
et al. (1939). At autopsy, the body 
cavities were opened and search made 
for cycticerci of Taenia pisiformis. 
Blood from the heart, liver, and lung 
was mixed with physiological saline and 
examined under low magnification. The 
liver and contents of the gall bladder 


1 Work Projects Administration Official 
Project No. 65-2-07-344 assisted in the col- 
lection of the parasites and cared for the 
animals at Los Angeles. 


were searched for Eimeria stiedae. The 
alimentary canal was opened and each 
organ examined separately. Smears in 
physiological saline from the contents 
of each area and scrapings of the mu- 
cosa were examined microscopically. 
The contents were then washed with 
tap water in both black and white 
enamel pans and any parasites were 
removed to physiological saline for 
further washing before being killed and 
preserved. Cultures of coccidia were 
prepared in 2 per cent potassium di- 
chromate. Nematodes were killed in 
hot 70 per cent alcohol and later cleared 
in phenol-alcohol for identification. 
Cestodes were killed in a hot mixture of 
alcohol, formalin, and acetic acid. 
Identification of cestodes was made 
from permanent mounts, the specimens 
being stained with paracarmine, picro- 
carmine, and Ehrlich’s haematoxylin, 
and mounted in clarite. The only ecto- 
parasite obtained was one flea, Cteno- 
cephalides felis (Bouche), identified by 
G. F. Augustson. 


CocciDIA 


\ All but one of the 44 cottontails har- 
bored one or more intestinal species of 
Eimeria, indicating a high prevalence 
of infection, exceeding that reported by 
Kessel and Jankiewicz (1931) for do- 
mestiec rabbits in southern California. 

Some of the types of odcysts seen 
differed morphologically from the spe- 
cies recognized in domestic rabbits. 
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Others were similar to those reported 
from hares, jackrabbits, and other 
cottontails, and at least two differed 
from those reported from rabbit-like 
hosts. A review of the literature sug- 
gests that evolution of a given type of 
eoccidium possibly had coincided with 
that of its host. As a host changed 
morphologically and _ physiologically, 
the coccidia followed with analogous 
modifications. Critical studies using 
closely related hosts would clarify this 
problem. In view of these difficulties it 
has been deemed advisable to leave un- 
named the species we encountered in 
the cottontail, but to compare them 
with species previously reported, some 
of which may be synonymous. Caution 
is necessary to avoid proposing new 
names for species already established 
and likewise in assuming that a para- 
site in a new host is identical with some 
species already named, because of 
vague morphological similarities of the 
odcysts. Studies of the life cycles and 
cross-infection studies are needed to 
settle taxonomic problems in this group. 
At least 6 morphological types of 
Eimeria were observed in the intestinal 
tract of the cottontails. 

Type I. This conforms closely to E. 
maior Honess (1939) and to E. pauli- 
stina Da Fonseca as described by 
Morgan and Waller (1940) from Sylvi- 
lagus floridanus mearnsi. However, if 
the description by Madsen (1938) is 
correct, Type I differs from E. pauli- 
stina as originally described from the 
Brazilian cottontail, S. minensis. E. 
maior was first described from S. nut- 
tallit. 

The oécysts of Type I average 41.8 
(38 to 46) by 26.5 (24 to 29)u. The 


micropyle is conspicuous and the outer 


wall of the odcyst is dark amber or 
brown. Odcysts which have lost the 
outer wall lack color and the micropyle. 
Sporulation requires 50 hours and re- 
sults in an inconspicuous residual body 
5 or 6z in diameter. 

Type II. This is similar to the “E, 
perforans” that Morgan and Waller re- 
ported from the Iowa cottontail, in 
both size and abundance. The odcyst 
is pale pink and the micropyle incon- 
spicuous and convex with extremely 
slight lips. The sporocysts mature in 
34 hours and have large stieda bodies 
and scattered residual granules. The 
oécysts measure 25.6 (21 to 28) by 
16.6 (15 to 19)y. This common type 
occurred in 24 of the 44 cottontails. 
E. perforans in the domestic rabbit 
differs primarily in structure of the 
micropyle which is rarely visible in 
oécysts from the domestic rabbit, but 
ean be seen in all of Type II from the 
cottontail. 

Type III. The oécyst is narrow and 
salmon colored, sporulates in 48 hours, 
and measures 31.5 (29 to 35) by 16.7 
(15 to 19)y. It is usually cylindrical or 
bean shaped. A small residual body, 
2 to 3.5u in diameter, rests in the 
sporulated oécyst and a delicate micro- 
pyle is seen regularly. This type re- 
sembies closely E. neoleporis Carvalho 
(1942) of S. floridanus mearnsi, and the 
latter coccidium in turn resembles E. 
leporis Nieschulz from the Alpine hare 
(Lepus timidus) as reported by Morgan 
and Waller from S. floridanus. Robert- 
son (1933) classifies the coccidia in 
hares by groups; his group III cor- 
responds closely with the description 
for E. leporis Nieschulz and is divided 
into 3 subgroups of which subgroup B 
agrees closely with our Type III. 
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Type IV. This differs from species re- 
ported in :abbit-like mammals (Lago- 
morpha) aad only distantly resembles 
E. exigua Yakimoff. The delicate pink 
odcyst is oval and measures 17.5 to 
20.0 by 13.9 to 15.6u. There is an in- 
conspicuous, convex micropyle, and 
sporulation is completed as early as 30 
hours. No extra-residual body was seen 
but each sporocyst contains many re- 
sidual granules. 

Type V. These differ from Type IV 
in lacking a micropyle and being nar- 
rower. No residual body was found in 
the jelly of the sporulated odcysts, 
which measure 15.3 to 21.0 by 11.6 to 
13.9y. 

Type VI. Odécysts were recovered 
from the caeca of 3 cottontails. They 
are light amber in color and the end 
opposite the distinct micropyle is nar- 
row or pointed. The odcysts sporulate 
as early as 48 hours and lack extra- 
residual bodies; the sporocysts contain 
well rounded intra-residual bodies. This 
type differs from E. irresidua of the do- 
mestie rabbit in being smaller, slightly 
narrower, more rapid in its sporulation, 
and in possessing rounded intra-residual 
bodies. The odcysts measure 33 (29 to 
37) by 21 (19 to 22.5)y. 


I.XPERIMENTAL STUDIES WITH 
EIMERIA STIEDAE 


Eimeria stiedae is an important 
pathogen of the liver in domestic rab- 
bits. Exeept for 10 cottontails which 
were experimentally inoculated, micro- 
scopic examinations of bile from the 
gall bladder failed to reveal this liver 
parasite. It seems reasonable to con- 
clude that the cottontails of the Experi- 
mental Range were free from the liver 
coccidium during the period of this 


study, because 24 of them were negative 
at autopsy, and the 10 controls re- 
mained negative during the experi- 
ments. Examination of fecal samples 
from those used in the experiments 
demonstrated no odcysts morphologi- 
cally similar to E. stiedae prior to inocu- 
lation. 

The present report includes and sup- 
plements the cross-infection studies of 
Jankiewicz (1941) who successfully in- 
fected three cottontails with odcysts 
isolated from livers of domestic rabbits. 
He also infected a fourth with odcysts 
recovered from the experimentally in- 
fected cottontails. Subsequently six 
more cottontails have been infected 
successfully with E. stiedae. Further- 
more, odcysts gathered from the in- 
fected cottontails were infective to 
three domestic rabbits of the New 
Zealand breed. Two controls remained 
negative. 

The dosage for the cottontails con- 
sisted of 13,000 to 1,000,000 odcysts, 
and for the domestic rabbits, 13,000 
odcysts. The cottontails failed to dis- 
play the severe symptoms and typical 
enlargement of the liver found in do- 
mestic rabbits; it would be of interest, 
therefore, to infect weaned young and 
discover if a partial immunity is opera- 
tive. The pathology duplicates in minia- 
ture that seen in livers of domestic rab- 
bits similarly infected. In three cotton- 
tails the infections were so light that 
macroscopic lesions were barely visible; 
in the other seven the lesions were easily 
discerned, but the infection was 
“heavy” only in one. In comparison 
with the greatly enlarged and spotted 
livers of domestic rabbits, it would be 
advisable to consider the cottuntail 
most severely infected as typifying a 
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moderate infection. Table 1 summarizes 
the data on cross-infections. 


TavcLe 1.—Cross-INFECTION DATA FOR 
TRANSFERS OF E. stiedae FROM DOMESTIC 
RABBITS TO COTTONTAILS. 

Domestic 

Cottontails rabbits 
Inocu- Con- Inocu- Con- 
lated trols lated trols 


Number 10 10 3 2 
Infections 

Light 3 0 0 0 

Moderate 7 0 0 0 

Severe 0 0 3 0 
Prepatent period 18 days 17 days 
Sporulated 06- 

cysts (microns) 34.8X19.9 35.0X19.6 


From the time that sporulated 06- 
cysts of E. stiedae are fed to domestic 
rabbits 17 days are required until 
oécysts appear in the feces. This pre- 
patent period was 18 days for the 
cottontails, thus longer than first re- 
ported by Perard (1925) and in close 
agreement to the results of Smetana 
(1933). The sporulation time—for 
oécysts to become infective—was 58 
hours for those procured either from 
domestic rabbits or experimentally in- 
fected cottontails. The odcysts re- 
covered from both kinds of rabbits were 
morphologically identical. 


OTHER PROTOZOA 


Trichomonas sp. was observed in 
smears of caecal contents from 17 rab- 
bits and Chilomastiz sp. in the caecal 
contents of one rabbit. The muscles of 
five rabbits were examined extensive]v 
for evidence of sarcosporidia, but all 
were negative. 


NEMATODA 


Obeliscoides cuniculi (Graybill), the 
common stomach worm of American 
rabbits, was collected from 19 cotton- 
tails in numbers from 3 to 187. Each of 
four rabbits was infected with over 100 


of these worms, but even in such severe 
infections only a mild catarrhal gas- 
tritis was evident. 

Nematodirus leporis Chandler was ob- 
served in 30 rabbits. From 15 to 540 
worms were removed from the duodenal 
mucosa. Infection with this parasite 
was diagnosed readily by examination 
of fecal samples from living rabbits, 
The ova average 156 by 67.5u, and 
usually are passed in the 2- to 16-cell 
stages. When cultured in 2 per cent 
potassium dichromate, motile embryos 
develop within the ova by the third 
day. 

Passalurus ambiguus (Rudolphi) was 
observed in the caecum of 14 rabbits, 
the infections ranging from 10 to 132 
worms. 

Dermatozxys veligera (Rudolphi) was 
collected from only 3 rabbits, and ali 
were found in the caecum. The infec- 
tions were light: one female; two fe- 
males; and two males and one female. 

Larval stages of an unclassified nema- 
tode were observed in fresh blood 
smears from either the heart, lungs, or 
liver of 5 rabbits, being most numerous 
in the lungs. Neither filaria nor adult 
lung worms could be located. 


CESTODA 


Taenia pisiformis (Bloch) was ob- 
served in the cysticercus stage in the 
body cavities of 16 cottontails; in 
single hosts the number of bladder 
cysts varied from 1 to 63. The most 
heavily infected host had several cysts 
within tissue of the liver. 

The livers of several cottontails con- 
tained necrotic, grayish-white foci simi- 
lar to those described by Morgan and 
Waller and which those authors sug- 
gested might have resulted from the 
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migration of immature cysticerci 
through the liver. We examined the 
lesions carefully for coccidia, but with 
negative results. Lesions in cottontails 
infected experimentally with FE. stiedae 
were more yellowish, similar to those in 
the domestic rabbit (Jankiewicz, 1941). 

Cittotaenia variabilis Stiles was ob- 
tained from 26 cottontails, usually in 
the small intestine. Up to 18 were found 
in a single host. One specimen was 
collected from the stomach. Great vari- 
ation was observed in stained specimens 
from the same and different rabbits and 
comparison of the material with de- 
scriptions given by Arnold (1938) 
makes classification difficult. We report 
these cestodes as C. variabilis with 
reservation. The work of Arnold seems 
to point to a sharp host-specificity of 
the cittotaenias in North American 
rabbits. Some proglottids studied by us 
seemed to fit more closely the descrip- 
tion of C. pectinata americana Douthitt, 
of North American Lepus spp., and 
others corresponded more closely to 
C. variabilis or C. perplexa (Stiles), both 
of North American Sylvilagus spp. Baer 
(1927) reduced C. perplexa and C. 
variabilis to synonymy with the Euro- 
pean C. pectinata (Goeze), and also con- 
sidered C. p. americana a synonym of 
that species; he believes the morphology 
of the species is extremely variable. 
Arnold, however, examined consider- 
able series of many of the species he 
considers valid and most of his data 
are convincing. The worms studied by 
us were all from one host species col- 
lected in a single area; if they are to be 
considered a single species, the great 
variability shown would suggest ac- 
ceptance of Baer’s viewpoint or indicate 
the need for further study on perhaps 


an even larger series than used by 
Arnold. 

Raillietaenia (Paroniella)  retractilis 
(Stiles) was collected from the middle 
portion of the small intestine in two 
rabbits. The species was described by 
Stiles (1896) from Lepus arizonae (‘‘cot- 
tontail’”) [probably Sylvilagus audu- 
bonit arizonae Allen] taken in Nevada 
in March, 1891. We have been unable 
to find further records of this parasite. 
Several fragments (no scolex) were ob- 
tained from one rabbit and seven stro- 
bila, apparently complete, from the 
other. 
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TRAPPING AND BANDING MUSKRATS! 
Michael J. Takos 


Maine Cooperative Wildlife Research Unit, Orono, Maine 


Methods for live trapping and tag- 
ging muskrats (Ondatra z. zibethica) were 
studied during 1941 in conjunction with 
ecological investigations in central 
Maine. A total of 265 captures was 
made, and over one hundred muskrats 
were banded by one or more of three 
techniques. The work had as primary 
objectives: (1) to determine the feasi- 
bility of live trapping and tagging of 
muskrats; (2) to study movements of 
individuals by repeated captures; (3) to 
determine the muskrat population of 
the area studied from reports of trappers 
on tagged and untagged animals; and 
(4) to compare the results with figures 
derived by other census methods. This 
paper deals with the first objective. 

Operations extended from April to 


! Contribution from the Maine Coopera- 
tive Wildlife Research Unit, Orono, Maine. 
Maine Department of Inland Fisheries and 
Game, University of Maine, American Wild- 
life Institute, and U. S. Fish and Wildlife 
Service, cooperating. John Pearce gave 
numerous suggestions and criticisms as to 
methods, and Howard L. Mendall offered 
valuable advice during preparation of the 
manuscript. 


October, 1941, with intensive daily 
trapping during June, July, and part of 
August, and for three or four nights at 
about bi-weekly intervals thereafter. 
All work was done on Corinna Stream 
in Newport and Corinna townships, 
Penobscot County (Takos, 1942). The 
tract includes about three and a half 
miles of stream habitat and several large 
cattail marshes totalling about 120 acres. 
It supports a wide variety of vegetation 
eaten by muskrats and is a good exam- 
ple of the combined stream and marsh 
environment frequented by these ani- 
mals. The area was closed legally to all 
muskrat trapping during the study and 
had been closed for the preceding year 
and a half, 


TRAPPING AND HANDLING 


In Iowa the Erringtons (1937) banded 
young muskrats removed from lodges 
in waters not affected by urban pollu- 
tion. Their technique has certain objec- 
tionable features and was not successful 
for tagging muskrats of various ages 
in grossly polluted waters in Maine. 
Another method was described by Cook 
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(1941) in New York, and several studies 
of muskrats that involve tagging are in 
progress in various states. 

All muskrats tagged during this study 
in Maine were secured in live traps, ex- 
cept three musklings taken from a lodge. 
Two kinds of traps were used to cap- 
ture the animals unharmed and proved 
equally effective. One was constructed 
of 7-inch pine and closed by a metal 
door sliding in deep grooves in two 
wooden uprights. The trap operated on 
the familiar “false-bottom” principle— 
the weight of the animal when well in- 
side was sufficient to trip a release and 
permit the door to fall. This trap was 
effective in catching muskrats and pro- 
tecting them from inclemencies of the 
weather, but was heavy, bulky, and 
difficult to handle in the marsh; some 
were ruined by muskrats which gnawed 
holes through the walls or roof in efforts 
to escape. The other trap, invented by 
W. W. Worth of Brewer, Maine, was 
of 3-inch mesh hardware cloth, and op- 
erated by a door release tripped by the 
animal’s efforts to secure bait placed in 
a chamber at the rear (Pl. 24, A). The 
trap was light, compact, and easy to 
carry in the field, but did not protect 
captive animals from exigencies of the 
weather. Slices of apples or carrots, the 
latter more effective, were used as bait 
in both types of traps. 

No more than twelve traps were op- 
erated during a night, and usually six 
to ten. Each trap usually was kept at 
one location for five successive nights 
and then moved to another site unless 
animals previously untagged were still 
being taken. The stations were scat- 
tered along Corinna Stream and over 
adjacent marshes to trap the entire area 
as uniformly as possible. 


The traps were set in a variety of 
favorable locations—muskrat feeding 
platforms, runways and landing places, 
mud flats and sand bars, stumps, ex- 
posed rocks, and the bases of abandoned 
lodges. The exposed tips of snags and 
floating logs (favored locations for local 
muskrat trapners) could not be used be- 
cause of the bulk and weight of the live 
traps. Traps set on floats, either nat- 
ural objects or rafts especially con- 
structed for the purpose (Pl. 24, A), 
proved most effective. 


HANDLING MUSKRATS 


A method had to be devised for 
handling live muskrats safely since the 
animals are armed with sharp incisors 
and adults are savage fighters when 
cornered. Captives were first trans- 
ferred from the traps into cloth bags. 
During preliminary stages of the study, 
the muskrats, while in the sacks, were 
anaesthetized with ether and the tags 
attached while the animals were un- 
conscious or stupefied. This did not 
work well in the field because the 
amount of ether used for each indi- 
vidual could not be controlled accurately 
and time was lost while the operator 
waited for an animal to regain con- 
sciousness before proceeding to the next 
trap. This technique was abandoned 
after two pregnant females died from 
overdoses of ether. 

Muskrats could be handled in sacks 
with relative ease, and this method was 
successful in tagging most of them. It 
had the advantage of allowing one op- 
erator to hold and tag the animal with- 
out injury to either the captive or him- 
self. When the muskrat was transferred 
from the trap to a sack, the position of 
the head was carefully noted and the 
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animal then wrapped with the free end 
of the bag until enveloped completely, 
but loosely. The animal then was 
grasped firmly with the left hand just 
behind its forequarters, taking care to 
avoid the head, as a vicious individual 
can administer painful slashes and nips 
even through several thicknesses of 
cloth. While thus holding the muskrat 
with one hand, the sack was slowly 
opened and folded back exposing the 
posterior portion of the animal to about 
the middle of the back. The sack was 


place bands previously attached but 
lost by one of the less satisfactory tech- 
niques. Table 1 summarizes the num- 
bers banded by the different methods 
and some resulting information. No at- 
tempt was made to list all retaggings 
and changes of method; each individual 
is listed under the technique by which 
the band was attached when the last 
capture occurred. 

Regardless of the technique uscd all 
individuals received one type of alunii- 
num tag, the ordinary “seal-pattern.” 


TABLE 1.—SuMMARY OF MuUSKRATS BANDED AT CoRINNA, MAINE 


Errington Leg- Cook Total 
method ringing method tagged 
Times method was used 68 16 60 144 
Individuals banded 37 10 60 10 
Individuals recaptured 14 3 23 40 
Known to have lost bands 10 2 — 12 
Known to have died 7 2 — 9 
Believed to be banded if still alive None 7(?) 60 67 
Totai known days any animal re- 
tained same band 28> 47® 46 — 


<a removed from leg because of serious traumatic condition; tag still fastened se- 
curely. 
> Flap of skin holding tag was dead and would soon have given way; tag probably lost 


soon after animal was last taken. 


placed across the left thigh of the opera- 
tor, and the muskrat held ventral side 
down, its head pointed away from the 
handler. Light pressure from the left 
elbow and forearm held the animal 
against the operator’s body, leaving 
both hands free for measuring and tag- 
ging (Pl. 24, B). The operator may 
either kneel or sit while holding the 
muskrat in this position. 


TAGGING 


The techniques used for tagging in- 
cluded those of the Erringtons and of 
Cook, and leg-ringing. Many animals 
were tagged by only one method, others 
by several simultaneously, and some 
were retagged one or more times to re- 


Each measured 50 by 5 mm., was ta- 
pered to a point at one end, and bore a 
serial number and the words: ‘Notify 
Consv. Dept., U. of Maine.” 

Each time a muskrat was captured, 
records were made of the date, weight 
to the nearest 25 grams, any signs of 
sexual activity, kind of trap used, its 
location on the marsh, and type of set 
employed. At the time an animal was 
tagged, whether or not it showed signs 
of having been banded previously, data 
were recorded as to sex, length of tarsus, 
length of tail, width of tail at base 
(where the body fur stops), maximum 
height of tail, color of hair at tip of tail, 
and any individual peculiarities which 
might aid later in identification. If a 








but 
ch- 
im- 
ods 
at- 
ngs 
ual 
ich 
ast 
all 


vi- 
L:” 


et 














TRAPPING AND BANDING Muskrats— Takos 403 


captured animal showed signs of previ- 
ous tagging, such as scars or clipped 
hair, the original band number could 
be checked with reasonable certainty by 
these latter data. With immature ani- 
mals, the measurements in the latter list 
were recorded at each recapture. 


THE ERRINGTON METHOD 


The Errington method was used on 
37 individuals and 68 times in all, in- 
cluding individuals retagged (Table 1); 
the technique followed was essentially 
that described by the Erringtons (1937). 
Two parallel incisions, about 5 mm. 
apart and of approximately the same 
length, were made through the mid- 
dorsal skin behind the shoulder blades, 
using care not to cut the dorsal muscles. 
The sharp end of the tag was inserted 
into the lower slit, forced through the 
fascia between the skin and flesh, and 
out the upper slit, then doubled over 
the strip of skin, and a soft lead seal 
inserted into the hole at the sharp end. 
The band was “sealed” by flattening 
the metal with pliers. The closed band 
thus was attached by a loop of liv- 
ing skin to lie flat along the back, 
with the sealed part directed posteriorly 
and the serial number visible on the 
upper side. The muskrats showed slight 
evidence of pain, and, with a little skill, 
the most painful part of the operation 
was soon completed. With adult musk- 
rats, it proved advisable to clip fur from 
the small area where the tag was to be 
attached, before making the incisions. 

The muskrats banded by this method 
began to lose their tags almost immedi- 
ately. Several recaptured after a few 
days showed suppuration of the cuts 
made during tagging and some had de- 
veloped large abscesses or slowly drain- 


ing pockets of pus. When individuals 
which had lost their tags were recap- 
tured, it was observed that the skin 
loops, by which the tags were held, had 
died, dried up, and then broken away 
from the rest of the skin. Several lost 
bands were found and none showed any 
signs of having been chewed by the 
muskrats. Similar observations were re- 
ported by the Erringtons. It was con- 
cluded, therefore, that infection of the 
original wounds and subsequent death 
of the skin holding the tag were the 
primary reasons for poor success. One 
muskrat, captured 28 times in all, was 
tagged at six different times by this 
technique between April 20 and July 
19. By July 26, the last tag was lost, 
and the animal was rebanded by leg- 
ringing. The longest period that any 
animal banded by the Errington meth- 
od was known to have retained its tag 
was 28 days; and it then was apparent 
that the skin loop soon would have 
sloughed off. The technique was aban- 
doned as ineffective under the circum- 
stances. 

Failure of the Errington method was 
believed to be related to water pollution 
and to the further fact that muskrats 
of all ages were being tagged. The water 
in Corinna Stream was at a low level, 
and was being polluted constantly by 
sewage and industrial discharges at 
Corinna village. The probability of 
tagging wounds becoming infected 
therefore was great, much more than 
with normal water levels or with no 
pollution. In Iowa, the Erringtons 
banded only young muskrats taken 
from the lodges. Musklings seemingly 
can recover from the wounds which heal 
more rapidly than in adults; the loop of 
skin holding the band has greater 
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chance of remaining alive under such 
conditions. 

The wounds made in tagging and the 
resulting infections were not serious in 
respect to the welfare of the animals. 
Those taken from the marshes exhibited 
numerous types of infected wounds, 
either following combat with other 








Fig. 1. Hind leg of muskrats banded by (a) 
leg-ringing and (b) Cook’s method. 


muskrats or, possibly, during the act of 
mating. Some females had their backs 
slashed and bitten in several places and 
one male captured on September 9 had 
a severe wound, presumably from fight- 
ing with another muskrat. There was a 
jagged cut about three inches long in 
the flesh of the shoulder and back, deep 
enough to expose the shoulder blade, 
with extensive necrosis of the adjacent 
flesh and pus oozing from the swollen 
tissues. Despite this condition the ani- 
mal was able to move about actively 





and exhibited no sign of pain. This may 
have been an extreme case but it illus- 
trates the great tolerance which musk- 
rats exhibit toward wounds and infec- 
tions. Johnson (1925), Smith (1938), 
Seton (1937), and others have all re- 
corded similar incidents. 

Although the Errington method was 
ineffective for tagging, its use showed 
that most animals did not become “trap 
shy” even though they were hurt some- 
what before being released after the first 
capture. This was confirmed amply by 
the other methods of tagging. 


LEG-RINGING 


Leg-ringing of muskrats is somewhat 
similar to the method used in banding 
birds. With pliers, the tag is bent into 
the form of a wide ring. The pointed 
ends are bent out at right angles to the 
rest of the band, to insert the lead seal 
into the hole at pointed end. When a 
muskrat is banded, the band is opened 
slightly and slipped about the lower 
part of one hind leg, just above the 
ankle joint but well below the swelling 
of the shank. In sealing the band care is 
taken to allow ample room between the 
tag and the leg to avoid pinching but 
not enough for the band to slip off 
(Fig. 1, a). 

When this method was first tried, a 
careful check was made on the tagged 
muskrats at three day intervals to de- 
termine the effects. Complications arose 
almost immediately, and it was neces- 
sary to remove the tags from many thus 
banded and recaptured. In each, the 
band had slipped up the leg and be- 
come tightly fixed about the shank. 
Swelling resulted from the stoppage of 
blood flow, and the edges of the tag cut 
through the swelling to cause festering 
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sores. One animal, first banded by this 
method on July 29, was recaptured sev- 
eral times between that date and Au- 
gust 15, during which period no ill ef- 
fect from the band was noticed. It was 
again captured on September 12 when 
the band had cut through the flesh to 
the bone and the lower leg was a mass 
of putrefying flesh literally alive with 
larvae of a sarcophagid fly. 

Muskrats were banded by the leg- 
ringing technique 16 times; 5 were re- 
captured and the tags removed. A total 
of 10 individuals was included in the 
other 11 cases. One succeeded in chew- 
ing the soft lead seal and removing the 
band but was retagged by the same 
method. Of the 10 individuals, the tag 
was removed from one and its leg am- 
putated, two were found dead, and the 
others were not recaptured. 

One leg ring remained on a muskrat 
47 days, the longest period observed 
with any method, but this method was 
abandoned because of its pernicious ef- 
fects on the limbs of the animals. Fur- 
ther study of leg-ringing, using various 
sizes and types of bands, is warranted 
and might give favorable results. 


THE COOK METHOD 


The system called the Cook method 
was adapted from a report by Arthur 
Cook abstracted in the Pittman- 
Robertson quarterly (Cook, 1941). This 
gave the best results of all the methods 
tried. A slit was made through the skin 
and flesh just in front of the Achilles 
tendon on one hind leg. The sharp end 
of the band was forced through this 
opening, looped about the tendon, and 
sealed to form a large, closed ring (Fig. 
1,b). The area has little flesh and there 
usually was no bleeding with an incision 


properly placed. The cutting was low 
enough to avoid injury to the gastroc- 
nemius muscle, but far enough above 
the ankle joint so as not to interfere 
with its movements. The muskrats 
showed no sign of pain, other than an 
occasional whimper, when being banded 
in this way. Use of the leg to which the 
band was attached did not appear to be 
impaired, for muskrats observed swim- 
ming underwater upon release after 
tagging were kicking vigorously with 
both hind legs. 

A total of 60 animals was banded by 
the Cook method at Corinna and 23 of 
them were retaken. Recaptured animals 
did not reveal any signs of severe trou- 
ble with tagging wounds. Some sup- 
puration was seen, as were slight swell- 
ings of the leg and foot, but in most 
cases the infections did not appear to be 
serious. It is believed that movement of 
the legs in swimming tends to keep the 
wounds draining and gives them a 
chance to heal without forming. ab- 
scesses. . 

With few exceptions, all of the ani- 
mals marked by this technique were 
tagged in September and October, dur- 
ing the last of the work; as a result, 
there were fewer returns by any indi- 
vidual than with some animals tagged 
by other methods. Two were taken 
more than six times, four were taken 
five times each, and 17 were captured 
two, three, or four times. No evidence 
was found of a muskrat chewing its tag 
loose and no individual was captured 
which showed wounds or scars indicat- 
ing that it had been tagged previously 
by this method. 

Cook’s method was tried under severe 
conditions, since the water levels then 
were exceedingly low, and the muskrats 


406 JoURNAL OF WILDLIFE MANAGEMENT, VOL. 7, No. 4, OcToBER 1943 


banded included both adults and imma- 
tures. The longest known period that 
any tag remained on a muskrat marked 
by this method was 46 days, and when 
last seen there was no evidence to indi- 
cate that the band would not be re- 
tained for life. Cook’s method was the 
best of those utilized and appears 
worthy of trial by any investigator in- 
terested in marking muskrats for study. 


FATALITIES 


The 12 deaths among the muskrats 
handled were followed up with post- 
mortem examinations as soon as possi- 
ble after the animals were found except 
for two in advanced decomposition. 
The dead include three not banded but 
dead or dying when found in the traps. 
Those classified as having died of nat- 
ural causes were individuals in which 
no reason for death could be found at 
autopsy. The diseased animals died of 
a terminal pneumonia, the cause of 
which could not be determined satis- 
factorily. One case was related to a 
heavy infestation by gross internal par- 
asites. No evidence was found of any 
animal dying because of infection of the 
tagging wounds. Death in six of the 12 
fatalities (5.4% of the individuals 
handled) was attributed to banding ac- 
tivities (overdoses of ether, 2; drown- 
ing, 2; strangulation in trap, 1; and 
trap swept away during a freshet, 1). 
The number of deaths was rather high, 
but most of them occurred early in the 
investigation when the methods used 
were still experimental. When satisfac- 
tory trapping procedures are used, the 
number of deaths attributed to trapping 
probably should not exceed two per 
cent. During the last period of the study 
about 50 muskrats were handled, and 


only one fatality, due to disease, wag 
encountered. 


SUMMARY 


A total of 110 individual muskratg 
was captured or recaptured 265 times 
during a study. All except three musk- 
lings were taken by live traps of two 
types. The methods used in tagging 
were those of the Erringtons and of 
Cook, and leg-ringing. These are de- 
scribed, results noted, and their effec- 
tiveness evaluated for marking musk- 
rats. Twelve animals (10.9% of all 
those handled) were found dead; six 
were attributed to trapping or tagging 
procedures and the remainder to dis- 
ease or other natural causes. It is con- 
cluded that: 


1. Live trapping and tagging of 
muskrats is a feasible method of study. 

2. Muskrats are easily live trapped, 
and most of them do not become “trap 
shy,” even though hurt before being 
released. 

3. Cook’s tagging method gave the 
best results. The leg-ringing method 
was a failure as utilized, but is believed 
worthy of further study. The Errington 
method failed to produce satisfactory 
results when used in tagging an all-aged 
group in polluted waters. 

4. Injuries received during tagging 
were believed to be of minor importance 
when compared with those normally 
suffered by the animals on the marsh. 
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A. The Worth muskrat trap as set for use (photo by Eldon Clark). 
B. Final position of a muskrat while being held for tagging (photo by John Pearce). 
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MASS TRAPPING OF MULE DEER! 
Gail M. Thomas and Warren J. Allred 


Wyoming Game and Fish Department, Cheyenne, Wyoming 


The deer concentration problems 
which have arisen in Wyoming are not 
peculiar to that state, as other Western 
states with much inaccessible territory 
are encountering similar difficulties and 
the contributing factors, in most cases, 
are almost identical. Limited winter 
ranges and phenomenal increases in 
deer population coupled with inade- 
quate hunting pressure in certain re- 
gions have produced the so-called prob- 


lem areas. Unfortunately, those areas, 
like certain malignant diseases, are not 
often discovered until an acute situa- 
tion has been reached; then the rigidity 
of control measures must be directly 
proportional to the stage of develop- 
ment in the problem. 


One such problem in Wyoming 
reached the acute stage during 1942. 
Winter ranges, almost over night, had 
been grubbed by deer until some forage 
plants were beyond recognition and hay 
crops of ranchers were being encroached 
upon severely. Efforts to control the 
deer population through hunting had 
failed because of insufficient hunting 
pressure. When demands were made for 
immediate correction of the situation 


‘Howard B. Sanderson, Deputy Game 
Warden, with W. J. Allred, developed the 
trapping method employed. 


the Wyoming Game and Fish Commis- 
sion sought a new and rapid solution. 

The alternatives were mass slaughter 
or trapping and transplanting, and the 
latter was chosen. A review of trapping 
literature disclosed no method for 
catching deer rapidly, so that a system 
of mass trapping was devised. Two 
types of traps were employed, deer were 
brought to the traps by both baiting 
and driving, and a new system of trans- 
portation was proven. 

In an effort to alleviate damage to 
hay earlier in the winter, panel fences 
had been constructed around several 
stacks for which the deer showed prefer- 
ence. When the idea of trapping was 
conceived, it was felt that the deer could 
be taken in these stack yards, but by 
the time that proper gates and triggers 
could be built, the animals had so 
formed the habit of attacking unpan- 
eled stacks that they would no longer 
come to the vicinity of the trapping 
device. 

Next a pole corral about 50 feet in 
diameter and 83 feet high was con- 
structed at the base of the mountains in 
which the deer spent the day time. In 
one side of the corral a gate six feet 
square and hinged from one edge was 
fitted. The trigger device was arranged 
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at the back of the corral so that the 
first few deer in the trap would not 
close the gate before others had a 
chance to enter. The gate was weighted 
with a rock and pulley, so as to swing 
shut rapidly and hold firmly once the 
trigger was released. 

A similar gate was placed at the back 
of the corral. This opened into a trun- 
cated cone-shaped crowding pen, to the 
small end of which was attached a load- 
ing and tagging chute about 20 inches 
wide inside. Another gate closed the end 
of the chute attached to the crowding 
pen. 

For three days and nights the trap 
was fastened open and baited lavishly 
with third cutting alfalfa. Sparse bait 
lines of hay were scattered in several 
directions. On the second morning after 
baiting there was evidence that a few 
deer had partaken of the feed. The trap 
was then rebaited and the trigger set; 
the subsequent catch was 11 deer. 

This first trap was constructed en- 
tirely of poles, a distinct disadvantage 
because it was immovable. A more 
practical type of trap was made from 
some of the panels previously built for 
fencing stack yards. These panels, set 
ent to end in a round corral, needed no 
further bracing. 

Two feed grounds were then started 
along trails made by deer migrating be- 
tween the open range and haystacks. 
They served the dual purpose of inter- 
cepting the deer before they reached 
the stacks and as a proving ground for 
trapping experiments. Long bait lines 
were put out in several directions from 
these grounds. 

When it became apparent that the 
deer had formed a daily habit of coming 
to these grounds the panels were then 


set up in trap form. The trap was modi- 
fied, however, in that two 4-foot gates 
were employed, one on each side of the 
corral. The gates were tied open for 
two nights and deer entered the corral 
without hesitation. Both gates were 
weighted as in the first trap and op- 
erated from a central tigger to close 
simultaneously. The first night’s catch 
was 23 animals; subsequent catches 
ranged from 4 to 18, depending upon 
the number that had entered by the 
time the trigger was tripped. When a 
night’s catch was insufficient to warrant 
a trip to the point of liberation the ani- 
mals were held in a transportation truck 
until a larger load was gathered. While 
in the truck, they took hay and water 
readily. 

Holding deer in the trucks would 
scarcely have been possible had it not 
been for a new system of transportaion 
then perfected. The system was first 
tried and proved successful in trapping 
operations with Wyoming antelope. It 
more than halves the cost of transporta- 
tion and eliminates much unnecessary 
labor. Unless loads of 24 to 30 animals 
are being hauled, half- or three-quarter- 
ton trucks with stake bodies are the 
most desirable means of transportation, 
being fast and economical and needing 
less modification of the truck body. The 
sides of the stake body are boarded in 
almost solidly, with an air space no 
more than one inch high around the 
entire bed at about half the height of a 
deer. A top is placed over the stake 
body at head height to the animals. 
Placing it higher is undesirable as the 
deer have a tendency to scramble and 
jump over one another as additional 
animals are loaded. A layer of about 
three inches of sand and straw is placed 
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Wire Netting double MAIN 
to 23 feat at 90 eet CORRAL 


~~ (from trap. 







Panel Gate 10-0 7-0" 
swung G'sbove ground . 
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Gate 4-0"x T-O swung 
G'above ground 
















_-— Loading Chute with ae 
- DropGates at each a a 
end 18 inside Panels 10-0"x 7:6" 
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Fig. 1. Panel trap used in driving, showing wire wings attached. Deer are brought to the 
main corral through the crowding pen. The gate at the small end is pulled shut from the 
vicinity of the first gates (see Fig. 2) which are located in the wings about 90 feet from the 
trap mouth. The 10 X7-foot gate to the main corral is controlled manually. A few deer at a 
time are herded into the crowding pen, then are worked singly into the chute for sexing, ear- 
tagging, and loading. Drop gates at each end of the chute facilitate this work. All panels 





not otherwise designated are 10 <7 feet. 


on the floor so that the animals may 
bed down comfortably and have better 
footing while standing. A small swing- 
ing gate was installed in the back of the 
truck so that the deer can be loaded 
more easily from the chute. Canvas 
covers over the top and sides of the 
stake beds were also employed success- 
fully but where used care was taken 
that the cover came down to head 
height. Bucks were de-antlered above 
the burr with a hack saw. Ten to 14 
animals, depending on their size and the 
distance of haul, were transported suc- 
cessfully in the stake body of a three- 
quarter-tos: pickup truck. Larger num- 
bers were hauled in bigger trucks, but 
it was necessary to divide the bed by 
partitions. Over 200 animals, both deer 
and antelope, have been transported an 
average of 190 miles by this method, 
without crippling or other losses. 


This method of trapping was success- 
ful so long as there was snow on the 
ground and little natural feed was avail- 
able. Two points had been proven con- 
clusively: deer could be attracted to a 
trapping area and caught in large num- 
bers, and the crates are unnecessary for 
transporting them. 

After the snow disappeared and alfal- 
fa began growth in the fields, deer could 
no longer be attracted to the previous 
area of trapping. Damage to the new 
crops made further experiments neces- 
sary, and the trap (Fig. 1) was placed 
in the fields. Woven wire wings were ex- 
tended out from the gate, diverging so 
as to be about 23 feet apart at 90 feet 
from the trap; then diverging more 
widely until about one-eighth of a mile 
apart (the approximate width of the 
field), and then extended down along 
the regular fence lines. The first 100 
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yards of the wings from the trap were 
about seven feet in height. Steel posts 
and four-foot woven wire were used in 
the wing construction, and where the 
additional height was necessary two 
posts were wired together. The deer, 
when crowded, would run along the 
woven wire rather than attemp to jump 
over, even where only one width of wire 
was used. As a last resort, when near the 





byte Wire Wings 
23 feet at Wooden 
Post. Double height. 





Fig. 2. Wing gates controlled by rope 
from about 400 feet distant. The trap wings 
where these gates are situated have diverged 
to 23 feet apart, and the gates overlap about 
one foot. The gates are hinged to wooden 
posts. The bumper post projects only about 
six inches above the ground. The gates are 
constructed of metal frames covered with 
netting. 


trap, they would jump unhesitatingly, 
and so a double height of wire was used 
in that portion. At the place where the 
wings were about 23 feet apart, two 
gates 6X12 feet were hung, to swing 
to the center and overlap about one 
foot; these were controlled with a light 
rope from a distance of about 400 feet 
(Fig. 2). The loading chute was placed 
on the side, rather than on the end, of 
the crowding pen and the entrance to 
the corral proper was through the 
crowding pen. 

Driving was done at night and since 





the wings extended almost one quarter 
of a mile from the trap there were usu- 
ally sufficient numbers of deer between 
the wings for a good catch. Automobiles 
with spotlights and men with gas lan- 
terns were employed for the drive. The 
autos followed the fence lines and men 
with lanterns drove the field between 
the cars. Drives seldom were much 
more than started before the animals 
were in such a position that the first 
gates could be closed. The autos then 
immediately speeded ahead and by the 
time the foot drivers arrived at the 
trap, the gate at the mouth of the 
crowding pen, also controlled by a rope, 
had shut behind the deer. 

During the excitement of the first 
coralling, some deer hit the sides of the 
trap in an effort to escape, but a strip 
of white canvas about 3 feet wide 
stretched around the outside of the 
main corral tended to discourage this. 

Handling the animals in the trap was 
comparatively simple, although care 
was taken to avoid excitement; shout- 
ing, loud talking, sudden movements 
and crowds of spectators were pro- 
hibited. The deer were maneuvered, a 
few at a time, into the crowding pen 
and were worked singly into the load- 
ing chute. There they were de-antlered 
and ear tagged, the age of each was re- 
corded, and they then were crowded di- 
rectly into the truck for transportation 
to the release area (Pl. 25). 

The growth of new feed in the moun- 
tains soon began diverting the deer 
from agricultural crops, but there was 
ample time before the experiment 
closed to make three test drives and 
capture 41 deer. A week was spent dur- 
ing the summer of 1942 proving this 
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experiment in Sweetwater County 
where deer were damaging truck gar- 
dens and alfalfa crops. Deer did not 
enter the fields in sufficient numbers to 
make trapping economically practica- 
ble, but the few that appeared were 
caught without trouble. 

During the entire experiment 170 
deer were trapped. Of these, 28 escaped 
at the trap by jumping over the 7-foot 
panels; they barely wriggled over the 
top, and had the panels been six inches 
higher, probably none would have es- 
caped. Eleven were killed, most of them 


before the trapping procedure was re- 
fined. 

The Wyoming Game and Fish De- 
partment recognizes that only the rudi- 
ments of mass trapping have been 
worked out, but the experiments jus- 
tify these conclusions: 

(1) Mule deer can be attracted to de- 
sirable trapping areas for at least lim- 
ited distances. (2) They can be caught 
in numbers, by inexpensive trapping. 
(3) Individual crating for transporta- 
tion is unnecessary. (4) Under some con- 
ditions, deer can be driven into traps. 


WINTER FOOD HABITS OF MINK IN SOUTHERN 
MICHIGAN! 


John A. Sealander 


Michigan State College, East Lansing, Michigan 


The mink (Mustela vison mink) gen- 
erally is about second in annual fur 
value among fur-bearers in Michigan. 
About 50 per cent of those trapped are 
taken from the southern half of the 
Lower Peninsula, which includes most 
of the good agricultural land in the 
state and yields most of the annual fur 
crop (Hayne, 1941). 

There has been much recent contro- 
versy over the relationship of the mink 
to the muskrat and to game birds. Un- 
like some other fur-bearers, the mink 
has survived and even increased, de- 
spite intensive trapping, hunting, and 
reduction of suitable habitats in agri- 
cultural areas. Trappers and fur-buyers 
complain vociferously about its inroads 


1B. T. Ostenson, Michigan State College, 
kindly criticized the manuscript. 


on the muskrats. The computed kills in 
the study area, compiled from trappers’ 
report cards to the Michigan Depart- 
ment of Conservation, tend to sub- 
stantiate their conclusions in respect to 
population trends among mink and 
muskrats. 

Because of the importance of the 
mink and its relations to other fur- 
bearers, especially the muskrat, it 
seemed desirable to gather data on the 
food of mink during the critical winter 
period when many animal populations 
are waning and predation may be seri- 
ous. It is easy to obtain material for 
study from trappers and fur-buyers at 
this season. 

The present study lacks the com- 
pleteness of a year-round study but 
those of Dearborn (1932) and Hamilton 
(1936, 194°) serve to bridge the gap. 


MATERIALS AND METHODS 


Most of the carcasses were obtained 
during the winters of 1940 and 1941 
from fur-buyers in southern Michigan, 
including the following counties: Alle- 
gan, Barry, Berrien, Branch, Calhoun, 
Cass, Clinton, Eaton, Genesee, Hills- 
dale, Ingham, Ionia, Jackson, Kalama- 
200, Shiawassee, St. Joseph, Van Buren, 
and Washtenaw. All were taken during 
the legalized trapping season in Decem- 
ber and the stomachs and intestines 
were removed in the laboratory, where 
the date and locality of capture for each 
was recorded on a parchment tag; the 
radius from which fur-buyers secured 
their animals from trappers was kept 
in mind. 

Besides the 158 carcasses from fur- 
buyers, 43 stomachs from southern 
Michigan taken during the winters of 
1938 and 1939 were provided by A. E. 
Woodhead, of the University of Mich- 
igan. 

Some stomachs and intestines exam- 
ined were empty and others contained 
unrecognizable amorphous mixtures of 
dirt and black protein waste, grasses 
and aquatic plants, and debris such as 
sticks, trap pads, and toes chewed off by 
the trapped mink. Much of this was in- 
cidental, to be expected in predators 
which capture and eat small prey or 
carcasses on the ground. Whether an 
animal deliberately eats dirt or vegeta- 
tion to relieve vitamin or mineral de- 
ficiencies is problematical, although in- 
gestion of such material may be of 
nutritional importance. After diseard- 
ing the preceding there were 102 stom- 
achs and 101 intestines useful for ap- 
praising the winter diet. Analyses of 
intestinal contents were used to supple- 
ment data from the stomachs where 
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possible. The combined data for the 
four-year period are not strictly com- 
parable, however, since intestinal analy- 
ses were made only on specimens taken 
during 1940 and 1941. 

Usually only a single item of food 
was represented in the stomach and in- 
testines of an animal. That in the stom- 
ach was generally chewed into pieces } 
inch or smaller and the fleshy material 
usually was partially digested. Small 
mammals, fish, and crayfish were more 
thoroughly chewed than larger prey. 
Since the intestinal contents could not 
be separated easily, an estimate of the 
relative proportions of each item to the 
total bulk was made by inspection when 
more than one item was represented. A 
wider margin of error obtains in the 
volumetric measurements for the intes- 
tines than for the stomachs. Identifica- 
tions based on hair, teeth, feathers, 
scales, etc., were as specific as possible. 

To facilitate comparison with other 
studies, both volumetric and frequency 
percentages of the prey are given. The 
number of individuals of each repre- 
sented in the diet is also included to 
make a comparison of stomachs and 
intestines possible and to allow a proper 
evaluation to be placed on the smaller 
items. The percentage occurrence em- 
phasizes items present in many stomachs 
even though of small bulk, whereas the 
volumetric method provides the best 
indication of the foods which furnished 
the bulk of the sustenance. 


Discussion OF RESULTS 
Nelson (1918, p. 472) has aptly said 
that, ‘Few species are more perfectly 
adapted to a double mode of life than 
the mink. It is equally at home slyly 


searching thickets and bottomland for- | 











eq 
exe 








* the 


com- 
naly- 
taken 


food 
1d in- 
stom- 
ces 4 
terial 
Small 
more 
prey. 
1 not 
f the 
o the 
when 
od. A 
1 the 
intes- 
‘ifica- 
thers, 
sible. 
other 
lency 
The 
‘epre- 
ed to 
; and 
roper 
naller 
» em- 
2achs 
3 the 
best 
ished 


r said 
fectly 
than 
slyly 
1 for- 











WINTER MINK Foop IN 


ests for prey or seeking it with otter- 
like prowess beneath the water.” This 
is amply borne out by the results of 
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carnivorous. Any grass or other debris 
was present only in very small quanti- 
ties and usually associated with the 


INK IN SOUTHERN MICHIGAN 





——_—_— 





MAMMALS 

Muskrat (Ondaira 2. zibethica) 
Cottontail (Sylvilagus f. mearnsii) 
Meadow mouse (Microtus sp.) 
Deer mouse (Peromyscus sp.) 
Pine mouse (Pitymys p. scalopsoides) 
House mouse (Mus m. musculus) 
Short-tailed shrew (Blarina b. brevicauda) 
Star-nosed mole (Condylura cristata) 
Long-tailed shrew (Sorex sp.) 
Prairie mole (Scalopus a. machrinus) 
Brown rat (Rattus norvegicus) 
Snowshoe hare (Lepus a. americanus) 
Unidentified mammals 

Total mammals 

BIRDS 

Pheasant (Phasianus c. torquatus) 
Coot (Fulica americana) 
Domestic chicken (Gallus domesticus) 
Ruffed grouse (Bonasa u. umbellus) 
Egg (Chicken) 
Unidentified birds 

Total birds 

REPTILES 
Unidentified snakes 
AMPHIBIANS 

xreen frog (Rana clamitans) 
Leopard frog (Rana pipiens) 
Bull frog (Rana catesbeiana) 
Spring peeper (Hyla crucifer) 
Unidentified frogs 

Total amphibians 

FISH 

Centrarchids 
Catastomids 
Cyprinids 
Cottids 
Unidentified fish 


Total fish 
ARTHROPODS 
Crayfish (Cambarus) 
Unidentified insects 
Total arthropods 
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my analyses (Table 1) since aquatic and 
non-aquatic prey items are about 
equally represented. All of the mink 
examined appeared to be exclusively 


smaller items of prey suggesting that it 
was taken incidentally. Therefore such 
material is not considered as a regular 
part of the diet. 





The volumetric percentages for small 
mammals, fish and crayfish as well, 
tend to be larger for the intestines than 
for the stomachs, whereas for larger 
mammals the opposite seems true. Of 
larger mammals chiefly the fleshy parts 
are eaten entire; the percentage differ- 
ences presumably are the result of dif- 
ferential digestive action, as the mate- 
rials traverse the digestive tract. Small 
mammals and crayfish are eaten whole 
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ably pass at rates intermediate between 
those for frogs and crayfish. Dearborn 
(1932, pp. 14-15) and Errington (1935, 
p. 197) have noted differential retention 
of food material in the stomachs and 
intestines of minks and foxes. 

The findings reported here tend to 
corroborate those of Dearborn and 
Hamilton in most respects, save that 
birds and frogs were taken more fre- 
quently and fish less often. The great- 


TABLE 2.—SeEx DIFFERENCES AS TO Foop oF WINTER MINK IN SOUTHERN 
MicuiGan, 1938-41 





























Percentages 
Individual items 
By volume By occurrence 
Male Female Male Female Male Female 

Stom-| Intes- | Stom-| Intes- | Stom-| Intes- | Stom-| Intes- Stom-| Intes- | Stom-| Intes- 

ach | tines | ach | tines| ach | tines | ach | tines | ach | tines | ach | tines 
Muskrat 27 20 10 3 43 22 14 6 49 36 23 8 
Cottontail 9 8 5 5 16 10 12 6 16 14 12 14 
Small mammals 6 9 12 13 & 18 17 33 9 16 28 35 
Large birds 6 5 3 2 18 7 11 2 11 9 7 § 
Small birds 1 _— 3 1 tr. _ tr. tr. 2 _ 7 3 
Snakes 1 1 1 _ 2 1 2 _ 2 2 2 — 
Frogs 11 4 15 5 10 4 37 17 16 7 26 14 
Fish 4 6 6 10 6 11 4 24 7 11 14 27 
Crayfish 3 8 3 8 1 22 3 12 6 14 7 22 
Insects — 3 _ _ _ 6 —_— _— _— 6 —_ _ 



































and have a larger proportion of indiges- 
tible parts, hence increase proportion- 
ately in volume while passing from the 
stomach into the intestine. This must 
be kept in mind when comparing analy- 
ses of scats, and of stomach and intes- 
tinal contents. 

More crayfish were found in the in- 
testines than the stomachs, but the re- 
verse was true for frogs, suggesting dif- 
ferential rates of passsage for certain 
food items. Hard indigestible materials 
apparently are passed rather quickly 
into the intestine, but fleshy pieces are 
retained for a longer time in the stom- 
ach. Mammals, birds, and fish in which 
the relative proportion of soft to hard 
parts approaches neither extreme prob- 





est discrepancy is between my findings 
and those of Hamilton. Abundance and 
availability undoubtedly affect the pro- 
portions in which prey items appear in 
the diet. To learn clearly the general 
food habits of an animal food habits ma- 
terials must be collected over its entire 
range for a period of years. 


Sex DirFERENCES IN Foop Hasits 


Upon separating the data for males 
and females, surprising differences were 
seen in the numerical and percentage 
representations of some items. There 
was an apparent discrimination by sex 
as to size of prey items taken (Table 2). 

More muskrats were taken by male 
mink than by females, and the differ- 
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ences, as shown in both stomach and in- 
testinal analyses, were highly significant 
by the x? test; x? values of 7.62 for the 
stomachs and 10.20 for the intestines 
were obtained. Both values are of one 
per cent significance; hence the differ- 
ences would be due to chance only once 
in a hundred times. The differences be- 
tween males and females for numbers of 
small mammals in stomachs and of fish 
in the intestines were of five per cent 
significance—due to chance about once 
in twenty times. No significant differ- 
ences were found between the other 
items taken by the two sexes. No widely 
disproportionate number of either sex 
was taken during any one year, hence 
significant differences cannot be at- 
tributed to any particular year. 
Females apparently take smaller 
prey more often than do males. Some 
male mink weigh twice as much as an 
average female. Smaller females may de- 
liberately hunt small animals which 
they can master easily, and large power- 
ful males may prefer to hunt bigger 
prey to satisfy their appetities more 
quickly. There was no significant differ- 
ence in the numbers of cottontails taken 
by the two sexes, possibly because a 
cottontail is not so formidable to a fe- 
male mink as is a muskrat. Another fac- 
tor is the cruising radius of the two 
sexes. Marshall (1936) found that a, fe- 
male mink tends to remain in an area 
not exceeding twenty acres, whereas a 
male cruises an area too large to be es- 
timated accurately. It seems logical to 
assume that the wider ranging males 
will encounter more muskrats than do 
females. In areas lacking concentrations 
of muskrats the proportion taken by 
males should be larger. The females 
must take most of their sustenance from 
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smaller prey. Also the females seem 
more retiring or wary in the period prior 
to the spring breeding season and are 
not then caught in exposed situations 
as readily as are males. By frequenting 
less exposed situations the females then 
might have fewer encounters with 
muskrats which would be reflected in 
the diet. 


ANNOTATED List or Foop ITEMs 


The following list of items in the 
winter diet of mink is included so that 
material not noted elsewhere might be 
mentioned. The text also contains refer- 
ences to diagnostic items useful for 
identification. 

Mammals. Mammals comprised over 
50 per cent of the diet by both volume 
and frequency of occurrence. Muskrats 
were easily first, cottontails and mea- 
dow mice being of lesser importance. 
The mink appears to be an important 
winter predator on muskrats, but the 
author has information suggesting that 
the net effect of mink predation may be 
minor in comparison with other limiting 
factors on muskrats. Meadow mice were 
not represented in the 1938 and 1939 
stomachs, possibly indicating low pop- 
lations in those years. Blair (1940, p. 
161) states that meadow mice were 
searce in southern Michigan in the sum- 
mer of 1939 in contrast with their 
abundance in 1938; decimation of the 
population may have occurred during 
the winter of 1938. The remainder of 
the mammalian food consisted of mice, 
shrews, moles, and one snowshoe hare. 
The snowshoe hare at present is known 
only in the “thumis’’ region of southern 
Michigan and the mink in which the 
hare was found came from the north- 
eastern part of the study area close to 
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the “thumb”’; it is presumed, therefore, 
that the snowshoe hare occurs south at 
least to Genesee County. 

Materials most useful in identifying 
remains of mammals to genera were 
hair, teeth, and claws. Few mink con- 
tained bones or teeth which could be 
used; most of the identifications were 
based on cross sections, cuticular scale 
patterns, and medullary patterns of 
guard hairs. 

Birds, Remains were found more of- 
ten in the stomachs. By volume and fre- 
quency pheasants and chickens formed 
the largest percentages. Pheasants are 
evidently important to the mink al- 
though the stomach and intestinal anal- 
yses vary as to the amounts present. 
Domestic chicken is not important as 
compared with other items. Remains of 
a coot comprised the contents of one 
stomach. Since this bird migrates in the 
autumn it was likely a cripple. Ruffed 
grouse feathers were found in one in- 
testine. Most of the unidentified birds 
were small passerines. One was evi- 
dently a cardinal, but could not be iden- 
tified certainly. Size, shape, and color 
pattern of feathers proved to be most 
useful for identification when compared 
with known specimens. Sturgis’ breast 
feather key to orders (Wight, 1939) was 
helpful in verifying identifications but 
the action of digestive juices on the 
feathers and accumulations of grease 
and gummy protein wastes which 
could not be removed satisfactorily 
mitigated its value somewhat. 

Reptiles. Relics of snakes were rather 
infrequent and specific identifications 
were not possible. 

Amphibians. Relative percentages of 
frogs entering into the diet over a four 
year period seem to indicate that, to- 


gether with small mammals, they may 
serve in a buffering capacity against 
predation upon the muskrat. The char- 
acteristic color patterns of the skin were 
most useful in determining species; 
bones, feet, and skin served to identify 
items listed as “frogs.” 

Fish. Usually fishes were identified 
only to families because the scales were 
digested. Remains of a few small mouth 
black bass and bluegills were identified 
positively, and a miller’s thumb was 
recognized by its characteristic otoliths, 

Arthropods. Specific identifications 
of crayfish and insects were not at- 
tempted because of the thoroughness 
with which most of them had _ been 
chewed. 


SUMMARY 


A study of 102 stomachs and 101 in- 
testines of mink from southern Michi- 
gan taken during the legalized trapping 
season in December over a four-year 
period yielded results as follows: Mam- 
mals constituted over 50 per cent of the 
winter food by bulk and by frequency. 
The remainder consisted of birds, 
snakes, frogs, fish, cravfish, and insects. 

Muskrat was the 1» st important in- 
dividual prey item; cottontail ranked 
second and meadow mouse third. Of 
lesser importance were deer mice, 
pheasants, green and leopard frogs, and 
crayfish. Nonfood items present were 
mixtures of dirt and black protein 
waste, vegetation, and debris. 

Differential rates of passage for hard 
and soft parts of prey were indicated, the 
former reaching the intestine more rap- 
idly. 

Males took significantly more musk- 
rats than did females; the reverse was 
true for smaller food items. The size of 











Er 





may 
ainst 
shar- 


were 
cles; 
ntify 


tified 
were 
outh 
tified 

was 
liths. 
tions 
t at- 
hness 
been 


)1 in- 
Tichi- 
pping 
year 
V[am- 
of the 
ency. 
birds, 
sects. 
nt in- 
inked 
d. Of 
mice, 
3, and 

were 
rotein 


- hard 
d, the 
e rap- 


musk- 
e was 
size of 








& 


Winter MiInkK Foop 1n MicuigaANn—Sealander 417 


a mink may determine the size of its 
prey. Females, because of their smaller 
size, may deliberately select smaller 
prey, whereas large powerful males may 
do the opposite. The wider ranging 
males also may encounter muskrats 
more frequently than do the females. 
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BRIEFER ARTICLES 


EFFECT OF LARGE QUANTITIES OF COMMON SALT 
IN THE DIET OF BOBWHITE QUAIL 


During investigations on the use of com- 
mon salt (sodium chloride) to control picking 
among bobwhite quail (Colinus virginianus) 
raised in captivity, several tests were made 
of the effect of large quantities of salt on 
adult and baby quail. All weights are in 
grams. 


Test No. 1.—This was conducted with 
adults during the period of non-production; 
three females and two males were distributed 
in each of four pens, and a basal diet of the 
following proportions was used for all: 


Ground yellow corn 34.0 
Ground wheat 17.0 
Ground kaffir 17.0 
Ground oat groats 17.0 
Ground mammoth yellow soybeans 13.0 
Alfalfa leaf meal 2.0 
Ground limestone 1.6 
Fortified cod liver oil 0.5 


The birds in the four units received sodium 
chloride mixed in the diet as follows: No. 1, 
none; No. 2, 2 per cent; No. 3, 4 per cent; 
No. 4, 6 per cent. The results were as follows: 


Sodium chloride None 2% 4% 6% 
Initial live 

weight 169 169 169 170 
Live weight 

afterS weeks 168 165 166 173 
Average loss or 

gain in weight —1 —-4 —-3 +1 
Feed consumed 

per bird per 
a (8 weeks) 11.0 11.1 11.1 12.2 


There was no significant difference in either 
weight of birds or feed consumption between 
any two of the four groups. Also, there was 
no mortality and all the birds looked as well 
at the end of the test as at the beginning. 
Determinations for pH were made on the 
intestinal tracts of a male and a female each 
from the pens that received no additional 
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salt and 6 per cent of salt but the differences 
do not appear to be significant: 


Sodium None 6 per cent 
chloride Female Male pl Male 
Gizzard 2.88 2.31 2.80 2.23 
Duodenum 6.03 6.48 6.15 6.25 
Tleum 6.80 6.42 6.70 6.40 
Ceca 6.60 6.66 6.88 6.42 
Large intestine 
and cloaca — 6.29 6.63 6.98 


Throughout the test, the droppings be- 
came progressively more liquid from Pen 1 
to Pen 4. 


Test No. 2.—Twelve day-old quail chicks 


were placed in each of four battery brooders 
and fed a standard growing mash. Sodium 
chloride was added to the mash as follows: 
No. 1, 2 per cent; No. 2, 4 per cent; No. 3, 
6 per cent; and No. 4, 8 per cent. Water and 
grit were before the chicks at all times. The 
effects during the first two weeks after hatch- 
ing were thus: 


Sodium chloride 2% 4% 6% 8% 
Mortality by 
picking 3 2 0 0 
salt poisoning 0 1 3 8 
other causes 3 3 1 0 
Percentage loss 50% 650% 25% 67% 


Average live 
weight at end, 
grams 

Feed eaten per 
bird per day, 
grams 


23.7 17.2 22.4 16.9 


2.5 2.4 3.5 2.4 

All the birds considered to be poisoned 
manifested a bloat caused principally by 
pulmonary edema. In many cases other 
organs such as the pleura and peritoneum 
were edematous also. 

The results shown are not conclusive, but 
indicate that some quail can stand salt levels 
as high as 6 and even 8 per cent for two 
weeks. The weights of birds on the 6 per cent 
level at the end of the second week were 
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normal, and mortality was comparatively 
low. 

Test No. 3.—Twenty-seven day-old chicks 
were placed in each of two colony brooder 
pens and fed the same diet as in Test No. 2. 
One pen received 2 per cent of salt in the 
diet and the other 8 per cent salt. During the 
following 2-week period, 13 deaths (48% 
mortality) occurred on the high salt level, 
and eight deaths (30% mortality) on the 
low level. Over half of the deaths on the 
higher level of salt occurred during the first 
two days of brooding but whether salt 
poisoning was the cause could not be deter- 
mined. Picking throughout the remainder of 
test caused the other deaths. Picking also 
existed on the 2 per cent salt level, and ac- 
counted for the death of four birds. The 
remaining birds of both groups appeared to 
be in good condition at the end of the test. 

Test No. 4.—Since increasing the salt 
content to 2 or 3 per cent for several days 
has been found to check successfully many 
outbreaks of picking (although, as fed regu- 
larly Test No. 2, high salt levels may not 
prevent the vice), it was thought that sodium 
chloride might have a sedative effect, and 
act as an anaphrodisiac when fed at the 2 per 
cent level to breeding birds. 

In the spring of 1940, 48 of each sex, were 
selected from the winter stock on the basis 
of weight and of the production of the female 
parent; they were distributed into breeding 
pens on the same bases. Eight pairs were fed 
each of six diets with protein levels of 13, 
15, 17, 19, 21, and 23 per cent, respectively; 
these were prepared by proper combinations 
of the following feed mixtures together with 
0.5 per cent of fortified cod liver oil. 


Feed Mizture 


No. 1 No. 2 
(11.9% 
protein) 
Ground white corn 25.50 — 
Ground yellow corn 13.34 10.57 
Standard wheat middlings 15.00 15.00 
Finely ground heavy oats 15.00 15.00 
Alfalfa leaf meal 7.00 7.00 
Soybean oil meal _ 16.88 
Dried buttermilk —- 16.88 
Peanut oil meal —_ 11.25 
Dried whey 16.00 0.00 
Ground limestone 2.25 2.65 
Special steamed bonemeal 3.91 2.78 


The mixtures were balanced carefully for 
content of calcium, phosphorus, vitamins A, 
B, D. and G, and pantothenic acid. 

Half of the birds on each protein level 
received 0.5 per cent of sodium chloride, and 
the other half 2.0 per cent. Thus, there were 
two equally matched groups in the test. 
Certain other minerals were mixed with 
1,000 parts cf sodium chloride in the following 
proportions: 


Ferrous sulfate, anhydrous 5.5 
Potassium iodide 0.1 
Copper sulfate, anhydrous 0.1 
Manganous sulfate, anhydrous 8. 


This mixture was formulated for feeding at 
a 2.0 per cent level in the diet. At the 0.5 per 
cent level, the ferrous sulfate, potassium 
iodide, and copper sulfate were reduced pro- 
portionally with the sodium chloride, but the 
manganous sulfate was maintained at the 
same level. The effects on reproduction from 
May 6 to September 10 were as follows: 


Sodium chloride 0.56% 2.0% 
mixture 
Egg production per 
hen per day 0.348 0.361 
Total number ofeggs 1,053 1,090 
Fertilit 
Fertile eggs 910 933 
Percentages 86.4 85.6 
Hatchability 
Chicks 386 572 
Percentages 42.4+3.9 61.3+3.9 


The differences in egg production and egg 
fertility between the high and low salt levels 
were not significant. The hatchability of 
fertile eggs, however, was better on the high 
salt level. The difference, when analyzed by 
covariance analysis, is highly significant. The 
highest hatchability, however, was poor in 
comparison with that from eggs of the pre- 
vious breeding season (81.5%) on diets con- 
taining N. A. fish meal instead of peanut 
meal and lacking iodine, copper, or iron salts 
as parts of a special mineral mixture. Later 
investigations indicated that close inbreeding 
of the stock was at least partly responsible 
for the general drop in hatchability. The 
excrement of the birds on 2 per cent of salt 
was moister than that of the birds on the 
lower percentage of salt—Ratrx B. Nest- 
LER, U. S. Fish and Wildlife Service, Wash- 
ington, D.C. 
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METHODS FOR TRAPPING AND TAGGING WOODCHUCKS! 


Investigations of the ecology of the 
Mearns cottontail (Sylvilagus floridanus 
mearnsii), in Iowa involves the southern 
woodchuck (Marmota monax monaz). Ex- 
cept for common knowledge that the cotton- 
tail frequents burrows of the woodchuck, 
little else is known about their association. 
To learn about the behavior and territory of 
the woodchuck, it was necessary to develop 
an efficient system of trapping and tagging. 





of welded wire netting (l-inch mesh, 14- 
gauge) held the woodchucks. 

Three types of traps were tried. On one 
the door dropped into place from above 
through grooves at the front. The door on 
the second was hinged to swing down on the 
outside upon release and held shut by a 
metal catch at each side. On the third type, 
the door was hinged on the inside, and on 
release swung down and wedged against the 





Fig. 1. Woodchuck trap as set. 


Attempts in the summer of 1940 to catch 
woodchucks in the open with a strong insect 
net were successful only on a small scale and 
required too much time for continued use. 
Traps of solid lumber or sheet metal were 
seldom entered by woodchucks and a more 
open material was sought for the tops and 
sides. Traps of hardware cloth (0.5-inch 
mesh, 19-gauge) caught more woodchucks 
than those of solid material but proved un- 
reliable because the animals easily chewed 
their way out through soldered joints. Traps 


1 Journal Paper No. J-1055 of the Iowa 
Agricultural xperiment Station, Ames, 


Iowa. Project No. 568. U.S. Fish and Wildlife 
Service, Iowa Stzte College, Iowa State Con- 
servation Commission, and American Wild- 
life Institute cooperating. 


bottom of the trap. The sliding door type 
performed well but the extra height at the 
front of the trap made it cumbersome to 
transport. The second type worked well on 
cleared ground, but vegetation more than a 
few inches high interfered with complete 
closing and locking of the door. The third 
type, although several inches longer than the 
other two, was transported handily and per- 
formed well (Fig. 1). 

The performance and adaptability of the 
third type was superior to either of the others 
and will be described in detail. A piece of the 
heavy netting 36 by 50 inches is bent to form 
the main body of the trap, 12 inches high, 
12 inches wide, and 36 inches long; the end, 
the door, and the frame on which the door 
was hinged are made of wood. The door 
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frame is of four pieces of white pine, 1 by 4 
inches, and fastened flush with the front end 
of the trap outside the wire. 

When set the door is held open by an L- 
shaped hook fastened to the roof of the trap. 
When an animal has entered and passed 
under the suspended door, it steps on a light 
galvanized metal treadle, 6 by 8 inches, 
hinged by two loops of fine wire to the floor. 
The treadle, elevated slightly when set, con- 
nects by a light wire or waxed cord to the 
L-shaped hook supporting the door. When 
the treadle is depressed by the animal’s 
weight, the hook is jerked away and the door 
falls shut. Because the falling door wedges 
against the bottom of the trap, no latch is 
required. Trapped woodchucks have been 
observed pushing on the door, but never 
pulling on it, and there has been no evidence 
that a trapped woodchuck has escaped from 
this type of trap. The animals have not 
attempted to chew their way out of the 
wooden doors or ends, but have restricted 
their biting to the wire, through which they 
can see. 

The trap can be placed in dense cover or 
on rough ground, and set with the entrance 
directly against a space in a woven wire 
fence, through which woodchucks enter a 
feeding area. The fence set is effective be- 
cause the animals frequently den in the 
rougher cover bordering cultivated fields. 

Of many kinds of garden vegetables, 
fruits, and legume crops used for bait, none 
was found effective. A commercial scent lure 
appeared to be of some value early in the 
summer of 1941, but as the season progressed 
it was found possible to trap the animals as 
easily without bait or lure. Apparently, the 
two most important factors discerned so far 
in trapping woodchucks are the proper plac- 
ing of the traps and the presence of wood- 
chuck odor on the traps. Human odors seem 
to have no noticeable effects. 

Woodchucks generally enter and leave 
their dens on definite runways, and most of 
the successful sets have been made with 
traps placed directly in the runways. Often 
& trap was placed at a point where high 
vegetation, a tree trunk, or other natural 
obstruction bordered the runway. This made 
it possible to camouflage slightly the front 


of the trap, and to make a detour around the 
trap more difficult than entering the trap. 

Repeated catches in some traps seemed 
to indicate that fresh woodchuck odor may 
aid in catching others of the same species, 
but other results indicate that this is not an 
essential condition. 

The traps were checked at least twice 
each day, preferably in the middle of the 
morning and just before dark. Most of the 
catches were made during the morning and 
evening feeding periods, but occasionally an 
animal was taken at mid-day. Several wood- 
chucks died when confined in direct sunlight, 
and it has been found advisable to shade ex- 
posed traps with grasses or weeds. 

Evidence to date indicates that if a set is 
not successful within a few days the trap 
should be moved. The lengths of time for 49 
catches after traps were set follows: less than 
0.5 day, 32; 0.5 to 1.0 day, 12; 1.0 to 1.5 days, 
4; and 1.0 to 5 days, 1. 

Of these 49 woodchucks, 18 were caught 
in the morning and 31 in the afternoon or 
evening. Checking of the traps early in the 
morning on a few occasions did not reveal any 
night catches, although some observers have 
reported woodchucks out at night, particu- 
larly early in the spring. Perhaps the greater 
number of catches in the afternoon is the 
result of making most of the new sets late in 
the morning. 

For tagging, the first few woodchucks 
were moved from the traps into a narrow 
crate with a side opening for the tagging 
pliers. Later only a burlap sack was used, 
and time was saved. After the woodchuck 
had forced its head into one corner of the 
sack, it was grasped firmly behind the head 
with the operator’s right hand on the out- 
side of the sack. Then the left hand was 
slipped inside the sack and the woodchuck 
held down while the sack was worked for- 
ward to expose an ear and the right hand 
was used to clamp the tag in place. Without 
releasing the grip of the left hand, it was 
then possible to collect external parasites and 
to ascertain the sex of the woodchuck. The 
animal was weighed while still within the 
sack.—Ricuarp F. Trump anp GrorGE O. 
Henprickson, Iowa State College, Ames, 
Towa. 
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COYOTE FOODS NEAR BOULDER DAM 


From 1938—40 the writer made b’viogical 
studies around Lake Mead in the boulder 
Dam National Recreational Area of southern 
Nevada and northwestern Arizona. Some 
data were obtained on the food habits of 
coyotes in the hot, arid desert regions of the 
Sonoran zones by the collection of scats. 

These collections were made during the 
rapid rise of the lake, but none was taken in 
the Overton district on the north arm of the 
lake. In the Overton region the Muddy River 
Valley is relatively level, but long and nar- 
row. Rodents of many types are especially 
abundant throughout the heavily vegetated 
valley. Thus, when Lake Mead began to 
push back up the Muddy River it inundated 
hundreds of acres of dense vegetative cover. 
Forced to abandon their homes by the 
rapidly expanding lake, great numbers of 
small rodents were literally shoved onto the 
barren desert flats at the edge of the valley. 
As a food source the region could not be ex- 
celled, and the sight of coyotes and foxes 
“patrolling” the strip of land near the lake 
was ® common occurrence, Because of this 
unnstural food supply, the decision was 
made to collect no scats from this area. 

Because of the extreme aridity, all drop- 
pings are soon reduced to the same general 
appearance; consequently no attempt was 
made to determine the age of individual 
scats. The collections include those from all 
seasons. All scats were segregated by locali- 
ties, because it is believed that they represent 
the food of two different varieties of coyotes, 
those on the north and east side of the 
Colorado River of Canis latrans mearnsi and 
those on the north and west sides of C. l. 
estor. A total of 176 scats were obtained, 105 
assigned to mearnsi, and 71 to eslor. They 
contained the following food items: 


Estor Mearnsi 

Rock squirrel (Citellus g. 

grammurus) 2 2 
Antelope squirrel (Citellus) 6 
Pocket gopher (Thomomys) 5 
Mouse 15 31 
Kangaroo rat (Dipodomys) 4 
Wood rat (Neotoma) 29 
Rabbit 33 41 
Bighorn (Ovis canadensis nel- 

soni) 1 1 


Domestic calf 

Horned lark (Otocoris) 

Gambel quail (Lophortyz g. 
pene 

Bird 

Brown-shouldered uta (Uta 
stansburiana) 

Desert whiptail lizard (Cne- 
midophorus t. tessellatus) 

Beetles 

Grasshoppers 

Grasses 

Leaves 

Mesquite beans (Prosopis 
glandulosa) 

Misc. small seeds 
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Three rabbits occur in the region (Lepus 
c. deserticola, Sylvilagus nuttallii grangeri and 
S. audubonii arizonae), but no attempt was 
made to identify remains in the scats by 
species. The major portion appeared to be 
of Sylvilagus, as might be expected. Of the 
two scats bearing evidence of bighorn, one 
contained hair of an adult and the other of 
a@ young animal. Either or both may have 
been from carrion, because during the study 
one adult was found dead of injuries, appar- 
ently from a fall, and two apparently had 
died from natural causes. ‘The domestic calf 
may also have been carrion as cattle are 
common throughout the region. The horned 
larks were probably taken during their mi- 
grations when large flocks are present; these 
birds are not found in the low desert during 
the summer heat. Mesquite beans appar- 
ently were used as a seasonal food; many 
scats from around mesquite thickets, when 
the beans were ripening, were almost solely 
of the beans and pods. Evidently the coyotes 
found this food easy to obtain and nourish- 
ing. 

In 11 scats (not included above) none of 
the contents could be identified. It is believed 
that these were principally of meat, possibly 
carrion, of large animals such as cattle and 
wild burros, the latter being abundant in the 
region. Carrion is thought to be less impor- 
tant in the diet of local coyotes than else- 
where because most dead animals disinte- 
grate quickly under the scorching heat of the 


. desert sun in the late spring, summer and 
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early autumn; only in the cooler months can 
carrion assume importance as a food. 

The effects, if any, of the creation of Lake 
Mead on the food habits of coyotes will be 


INSECT INHABITANTS OF 


Current evidence suggests strongly that 
the nests of birds and mammals may have 
played an important role in the evolution of 
many of the insect pests of the household and 
of stored food products. The protected en- 
vironment offered by the nests together with 
accumulations of refuse of both animal and 
plant derivation and, in some cases, the 
presence of actual food caches, provide con- 
ditions not greatly dissimilar from those pre- 
vailing in the households and warehouses of 
man. Carpet beetles, skin beetles, clothes 
moths, spider beetles, book lice, and meal- 
worms, all have been found breeding in this 
type of habitat. About fifty such species have 


of interest because the lake attracts thou- 
sands of ducks, geese, cormorants, gulls, 
terns, and various shore birds.—RvussE.u K. 
GRATER, Zion National Park, Utah. 


BIRD AND MAMMAL NESTS 


been found in bird or mammal nests on one 
or more occasions. The writer believes that 
their occurrence is much more frequent than 
published records would indicate and would 
welcome the cooperation of field biologists in 
accumulating more data on the subject. He 
cannot agree to identify all insects which 
may be found in the nests and burrows of 
animals, but would be glad to examine any 
such collections for records of those species 
in which he is especially interested and to 
determine other species with which he may 
be familiar.—E. Gorton Linstey, Division 
of Entomology, University of California, 
Berkeley, Calif. 


NEWS NOTES 


A recent publication by Paul L. Er- 
rington deals with “An analysis of mink 
predation upon muskrats in north-cen- 
tral United States” (Iowa Agric. Exp. 
Station Research Bul. 320: 797-924. 
1943). Predation is a topic of much con- 
troversy but detailed studies on the 
subject are few; in consequence, this 
paper will be of especial interest to stu- 
dents of wildlife problems. Individual 
requests for the publication should be 
addressed to the Bulletin Office, Iowa 
State College, Ames, Iowa. 

Aldo Leopold has been appointed a 
Commissioner of the Wisconsin Conser- 
vation Department. 

Back numbers of all but a few issues 
of the JouRNAL OF WILDLIFE MANAGE- 
MENT are still available. Members or 
subscribers who wish to complete their 


files should apply to the Secretary for 
prices. 

The issue of Science for August 27, 
1943 carried an article by President 
Walter P. Taylor on “The Wildlife 
Society” designed to acquaint the many 
readers of that periodical with the aims 
of the Society and with some of the ma- 
jor fields in which it is concerned. 

The manuscripts in the editorial files 
awaiting publication have been re- 
duced considerably during the current 
year. Under regulations of the War 
Production Board the amount of paper 
that may be used for priniing THE 
JOURNAL (and separates) has been lim- 
ited. Unless further restrictions are 
imposed it seems likely that all papers 
accepted can be printed, and perhaps 
more promptly than in the past. 


OBITUARY 
J. RICHARD CARPENTER 


Dr. J. Richard Carpenter, Professor of 
Botany and Zoology in 1940-42 at Black 
Mountain College, Black Mountain, North 
Carolina, died on July 16, 1942, after a short 
illness, 

He was well known among colleagues in 
America and England for his teaching, for 
his notable work in ecology, and for his long 
list of publications in this field. His ‘‘Eco- 
logical Glossary”’ excellently clarifies e¢ologi- 
cal terminology. He contributed to the Pro- 
ceedings of the Oklahoma Academy of 
Science, Wilson Bulletin, Ecology, Bulletin 
of the Ecological Society of America, Ameri- 
can Midland Naturalist, Ecological Mono- 
graphs, Journal of Animal Ecology, and the 
Journal of the Society for British Entomol- 
ogy. During 1935 to 1938, while Rhodes 
Scholar from Oklahoma, he wrote numerous 
short abstracts and reviews, besides research 
articles for the Journal of Animal Ecology. 

Carpenter was interested in the ecology 
of the grassland biome, and carried out 
special studies on this subject in Oklahoma, 
England, and Russia. Observing ecological 
problems in field work, he discovered evi- 
dence that insect outbreaks in Eurasia could 
be attributed to population fluctuations. 

After graduating from the University of 
Illinois in 1932 with honors in zoology, 
Carpenter attended the University of Okla- 
homa, taking the M.S. degree in zoology and 
botany in 1934. For the next three years he 
was a Rhodes Scholar at Lincoln College, 
Oxford, and in 1938 received the Biological 
Science degree. He was afterward connected 
with the Oklahoma Biological Survey as 


assistant in 1938-39. In 1939 he complteed 
his thesis on the ecology of the grassland 
biome and was awarded his doctorate at the 
University of Oklahoma. He was chairman 
of the ecology seminar at Oxford in 1936-38, 
and at the University of Oklahoma in 1934- 
35 and 1939. As a delegate from the Univer- 
sity of Oklahoma, he was a member of the 
Twelfth International Zoological Congress at 
Lisbon, the Sixth International Botanica] 
Congress at Amsterdam, and the Sixth Inter- 
national Entomological Congress at Madrid. 

He was member of these scientific so- 
cieties: Sigma Xi, Phi Sigma, Ecological So- 
ciety of America, British Ecological Society, 
Illinois and Oklahoma Academies of Science, 
and associate member of the Wildlife Society, 
American Society of Zoologists, and the Wil- 
son Ornithological Club. 

His courses in biology at Black Mountain 
were presented from a functional rather than 
a wholly morphological point of view. He 
stressed the position of man as an organism 
in a living environment of other organisms, 
plant and animal, together with a study of 
their ecological inter-relationships and the 
relations of their physical environment. Most 
of this was designed principally for the stu- 
dent who wished to obtain an insight into the 
biological nature of himself and his surround- 
ings, other preparation for those wishing 4 
pre-medical or other technical knowledge of 
zoology and botany was also given in ad- 
vanced work for students with adequate 
preparation.—W. R. Wuncu, Black Moun 
tain College, Black Mountain, N. C. 
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